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The Aerospace 
and Military Operations 


GENERAL THOMAS D. WHITE 


ines the military forces of the great nations of the world are in the 
midst of an explosive technological revolution. ‘The compression of time 


and distance resulting from the many technical advances is having a profound 
impact upon the concepts, weapons, and force structures of modern land, sea, 
and air forces. Nowhere, however, is the influence of this rapid change being 
felt as drastically as in aerospace. 

The term “aerospace” portrays the true nature of the medium which is 
the operational environment of the Air Force today. Air and space are an 
entity—and not identifiable as two separate and distinct areas. They compris 
a single, continuous ficld of operations, with no barriers or boundaries to 
break this continuity. Physically—and in the military sense—the step from op 
erations in the lower atmosphere into space activities is natural and evolution 
ary; it represents a continuous and homogeneous advance in the techniques 
of propulsion, ballistics and aerodynamics, servomechanics, electronics, and 
human survival. 

The idea of complete continuity in the word aerospace is extremely im 
portant in all phases of Air Force operations. Aerospace must be recognized 
in its entirety when analyzing our concepts, when examining the performanc 
capabilities of our weapons, and when determining the structure and disposi 
tion of our forces. 

The basic characteristics we have associated in the past with air powel- 
range, mobility, flexibility, speed, penetrative ability, and firepower delivery- 
continue to apply in aerospace power. The Air Force must exploit these chat 
acteristics to the fullest—in the design and development of new weapons, i 
our concepts, and in our organizational structures—as our proper contribution 
to national security. Since the frontiers of military weapon technology lie pri 
marily in aerospace, the forces designed to operate in this medium will com 
stantly reflect dynamic and substantial changes in quantity, quality, and char: 
acter as we move into the future. 

Because aerospace forces, by their very nature, are inherently capable 0! 
operating anywhere at any time, the entire structure of nations is exposed t0 
the influence of their operations. The weapons which will present the mo 
serious and immediate threat to our Nation’s security during the coming yeéals 
—as they do today—will be aerospace weapons as represented by aircraft, bal 
listic missiles, and manned and unmanned advanced aerospace vehicles. The 
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offensive and defensive systems which will ensure our ability to maintain mili- 
tary predominance and to pursue our national objectives successfully will be 
aerospace weapons. Thus the ability of the United States to meet the growing 
threat must be based primarily upon the existence of strong military aero- 
space power. 

Strong military aerospace forces are essential to provide this country with 
apowerful instrument for achievement of its national objectives. These forces, 
inconcert with those of the other military services, are designed for five basic 
purposes: First, to deter general or small wars. Second, if general war occurs, 
to defeat the enemy as quickly as possible. Third, if a small war occurs, to con- 
duct selective operations wherever required for the prompt resolution of the 
conflict under acceptable circumstances. Fourth, in situations when the United 
States and the Free World are challenged, to conduct, as directed, those opera- 
tions which will further the interests of the United States and its allies. Fifth, 
under normal circumstances, to perform services for the benefit of people 
everywhere. 

Today we are faced with the ironic situation in which this country’s quest 
for peace since the end of World War II has led the United States to create 
the most powerful military striking force in the history of the world—not for 
reasons « aggression but for reasons of defense. Full appreciation of the cate- 
gorical necessity of this policy is essential to any approach to the problem of 
national security. 

Basically it comes down to a very simple statement. Defense alone cannot 
prevail. Even an invulnerable defense which could prevent us from being 
defeated would not, by itself, permit us to achieve victory. This Nation must 
possess powerful striking forces which present potential enemies with the 
probability that they might lose should they initiate attack. Thus our ability 
to prevail, should general war occur, serves as the deterrent. The priority re- 
quirement—until the time when all men consent to be ruled by law—is an 
ifensive force sufficient to defeat an enemy in the event deterrence fails. 

The offensive and defensive operations of the United States aerospace 
lorces must, of course, be closely linked to achieve full over-all effectiveness. 
This requirement is intensified with each increase in the speed and striking 
power of new aerospace weapons which aggressors could bring to bear upon 
the United States and its allies. Our aerospace forces must be designed and 
‘mployed primarily to counter the enemy aerospace threat at its source as well 
en route and at the actual points of attack. In the event war should occur, 
the destructiveness of advanced aerospace weapons permits no alternative to 
the elimination of an enemy’s aerospace striking power as a matter of urgent 
ptiority. This must be done as far away as possible from our own country. We 
annot permit the enemy to reach his chosen targets with weapons of mass 
destruction. 

The forces and resources provided in the total Air Force structure con- 
bute substantially to deterring local wars or limiting their spread. For if 
‘local aggression is undertaken and fails, the same aerospace power stands as 
adeterrent to deter the aggressor from extending the conflict in the hope of 
‘covering his initial losses in a larger arena. 
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Should this country become involved in small wars, aerospace forces cay 
be in action quickly and effectively. The Air Force has concentrated on in, 
proving its procedures to deploy on minimum notice selected elements of ix 
tactical forces, wherever and whenever required. Aerospace power’s capability 
for quick reaction anywhere in the world—measured in hours, not days—with 
potent firepower and flexibility—makes it particularly suited to applying th ff 
right amount of force at the right place and time with a minimum of cog 
and effort. 

The characteristics of the Air Force as a military instrument have proved iy 
very useful in the so-called cold war. The Berlin airlift was typical of its poy SR¥% 
sible uses. The deployments of our composite air strike forces in the Lebaneg 3 
and Formosan situations are other examples. These instances demonstrated 
how quickly such forces could reach emergency areas. Evidence of this capa 
bility bolsters the morale of free nations and enhances their confidence in the 
strength and ability of the United States to fulfill its commitments. 

Aerospace power plays an important role as a constructive instrument for 
peace. Whenever aerospace power has been used to demonstrate the innate 
friendliness of Americans and their concern for the welfare of people of for 
eign nations, the impact has immediately been good. The assistance which the 
Air Force has been able to render in peacetime disasters offers prime examples 
of its influence. There have been many instances of such aid, in Pakistan, 
Laos, Morocco, Mexico, South America, and elsewhere. Disaster operations, 
mercy missions, supply flights, and storm reconnaissance are all evidence of 
aerospace power’s readiness and strength for the good of mankind. 

No one can foresee all the military or peaceful applications which wil 
develop as we attain more advanced capabilities in our aerospace forces. The 
possibilities are limitless. Nevertheless I am convinced that the nation or com: 
bination of nations which achieves the dominant military position in aero 
space will hold the key to future military security. In addition, our aerospact 
predominance will permit exploitation of this strength for peaceful purposts. 

Today United States aerospace power is the Free World’s primary instr 
ment in seeking these conditions while operating in the sensible atmosphere 
Operations farther out in aerospace will play a like role in the not-too-distan! 
future. Events are moving rapidly in this area, and we must press to extend 
our operational capabilities in aerospace with the utmost urgency. 

Historically the military have sought to “hold the high ground.” In de 
fense activities today, aerospace represents the high ground—the arena 0 
unlimited horizons. Our job: hold the high ground by ensuring aerospatt 
power supremacy for our Nation. 
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e Aerospace Force: 1900-1970 


r Force 
No prophet is needed to foresee in the next decade another phenomenal 
advance in the capabilities of aerospace power. 

By any terms that have meaning for military decision, the coming 
decade promises marined and unmanned weapon systems with the four 
qualities the planner\ has always dreamed of: unlimited range, un- 
limited altitude, hypetsonic speed with maneuverability, and virtually 
unlimited firepower. Both Free and Communist worlds may be ex- 











pected to develop this enormous potential; the balance of power wil 
probably be delicate at many points. 

If these soaring capabilities promise great military potentid 
they also demand great military responsibility. Especially they cal 
for an integrity of aerospace power as never before—in concept ani 
doctrine, in command and control, in mutuality of offense and defeng, 
in the support structure. Never before have military potentials put » 
high a premium on the right mix of forces at the right time, on th 
synchronized fruition of concept, machine, man, and employment. 

In broad introduction to this challenge that is addressed to the 
planning and exercise of the national defense, Part I presents a per 
spective on aerospace power to 1960, a review of the present aerospace 
force and its follow-on projection out to 1965, and a prediction of the 
major additional systems that will come into the inventory by 197 
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Evolution of Aerospace Power 


LIEUTENANT GENERAL WALTER E. Topp 


SAF aerospace power is the product of the steady and often spectacular 
development of the Air Force since 1945. This development has been 
shaped by technological, strategic, and doctrinal considerations that have 
iso profoundly influenced and acted on one another. It has been affected by 
till other considerations—availability of money, estimate of threats to 
national security, interservice differences—but these have not greatly changed 
the main outlines established by technology and doctrinal concepts. These 
main outlines have pointed purposefully toward aerospace power that will 
far transcend the air power of the past but will of necessity be derived from 
i. Knowledge of the nature of the Air Force of 1945-1960 is essential to an 
understanding of future aerospace power. 


Heritage of World War II 


The U.S. Air Force that was maintained in the years between World 
War II and the Korean War was deeply rooted in the technological and 
doctrinal environment created during World War II. Dominating all other 
considerations in the minds of air leaders—especially General H. H. Arnold 
and General Carl Spaatz, who headed the Air Force in the early postwar 
jtars—was the belief that the experience of the war had validated their 
confidence in strategic bombardment as the prime mission of air power. To 
ap their convictions, the advent of the atomic bomb at the very end of the 
wnflict had added a magnitude of authority to strategic bombardment pre- 
iously undreamed of by its prophets and practitioners. It was, therefore, 
reordained that the Air Force of the future would be built primarily 
ound the strategic air arm, to which the tactical forces were required to 
defer, 

The Army Air Forces, in the main, had waged offensive war during 1942- 
45. By 1945 the need for air defense had diminished, and it had virtually 
lisappeared except in a few areas, principally China. The lessons of air 
iefense therefore were not brought home to the Americans as feelingly as 
hey were to the Germans and the Japanese. Although the AaF leaders were 
‘ware of these lessons, for doctrinal reasons they accorded air defense a 


ter role in the Air Force structure they were planning for the postwar 
period. 
AAF tactical air operations during World War II had been eminently 
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successful in teaming with the ground forces to win the war on land. Tactic 
air forces in theaters of operations throughout the world had demonstrated 
that they could operate most successfully under centralized control of a 
air commander rather than in small packets parceled out to a number of 
ground force commanders. This principle came to be official Army doctrine 
and was reaffirmed after the war by the Army Chief of Staff, General Dwight 
D. Eisenhower. Nevertheless it was destined to become a continuing issue 
between the Army and the Air Force, persisting throughout the 1950’s. Bu 
in 1946 the impact of the atomic bomb had caused the tactical air function 
to shrink drastically in the eyes of AaF leaders, and afterward, in spite of 
the Korean War experience and pressures from outside the Air Force, i 
fought for but never quite attained the eminence it had enjoyed before and 
during World War II. 

During World War II the AaF operated in almost every area of the world 
including even the Soviet Union. Linking the widely dispersed theater air 
forces with the United States became the function of the global Air Transpon 
Command. Within the theaters, air transport agencies performed a like 
service, including such huge undertakings as the Hump airlift from Indi 
to China. Large troop-carrier organizations within the theaters served alter 
nately for combat airborne operations and supply airlifts. The continuing 
oversea military commitments of the United States after the war—commit 
ments which grew after the initial withdrawal from the battle zones- 
required the continuation of a global air transport agency and the mait- 
tenance of a substantial combat airlift capability. How best to delineate the 
roles and functions of air transport and combat airlift continued to be: 
periodic issue, again with strong budgetary roots, within the Air Force ani 
between the Air Force and the Army. 

The end of the war signaled the beginning of what was perhaps his 
tory’s most precipitate voluntary retreat from an apogee of military might 
by a triumphant power. Within months the hasty and near-chaotic demobil: 
zation had reduced the combat effectiveness of American military forces 10 
the point where commanders could no longer carry out assigned mission 
AAF manpower fell from 2,253,000 on V-J Day to 485,000 at the end o! 
April 1946 and to 303,000 at the end of May 1947. Aircrew strength dropptd 
from 413,890 on V-J Day to 24,079 in June 1947. The decline in combi 
effective units was even more meaningful—from 218 combat groups on V} 
Day to 2 groups in December 1946. Although the aaF actually had 52 combi! 
groups in being in December 1946, fully 50 of these were ineffective. 

It was within this context of confusion and ferment that the AaF sougt! 
to realign its forces to achieve a measure of stability and at least a minimu® 
effective combat force. General Spaatz, General Arnold’s successor as 
commander in February 1946, ordered, effective 21 March 1946, a reorganilt 
tion of combat forces based on concepts derived from World War II expé 
ence. Three new functional commands—Strategic Air Command, Tactic! 
Air Command, and Air Defense Command—replaced the geographic # 
forces under which aAF combat strength in the United States had formet! 
been grouped. The remainder of the AaF structure remained the same, with 
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five supporting commands in the United States and five oversea commands, of 
which the United States Air Forces in Europe and the Far East Air Forces 
were the largest and most important. 

To provide the necessary strength for its mission, the AAF projected in 
1946 a program for the creation of a combat force of 70 groups and 22 
specialized squadrons. In 1947 the President’s Air Policy Commission, headed 
by Thomas K. Finletter, confirmed this program as the minimum level for 
national defense; but not until the Korean War completely altered the 
national security perspective did the Air Force receive the funds it needed 
to build to 70-group strength. The experience of the Air Force in the post- 
World War II years, then, was one of attempting to attain a high level of com- 
bat effectiveness with a minimum, and usually inadequate, allocation of 
resources. This stringency of resources continued, even though the primacy of 
air power in the national defense was formally recognized in September 1947 
by the legal reconstitution of the Army Air Forces as the United States Air 
Force, to form with the U.S. Army and the U.S. Navy a National Military 
Establishment of three services. 

The heaviest burden fell on the Strategic Air Command—by design 
as well as by necessity. Strategic air power, the Air Force held, provided the 
surest and most effective way for the United States to discharge its military 
responsibilities in the world community—responsibilities that would inevi- 
tably grow rather than decrease after the initial headlong withdrawal from 
oversea areas in 1945—46. In the atomic bomb the United States possessed 
the most powerful and decisive weapon in existence, and sac alone had the 
ability to deliver the bomb against distant targets. sac would constitute 
therefore a powerful striking force in being that could overwhelm and de- 
stroy any potentiai adversary of the United States. Further, it seemed to many 
UsAF leaders, its existence would serve to dissuade, even deter, a potential 
aggressor from attacking the United States. 

But in 1946 the reality of sac power was a far cry from the concept. 
Nine bombardment groups, equipped chiefly with B-29’s and B-17’s, and 
wo fighter groups with P-47’s and P-51’s, made up sac’s strength in the 
pring of 1946. There were only three jet planes—P-80 Shooting Stars— 
among the 600 aircraft in the command’s inventory. On 1 May 1946 when 
‘aC received officially the responsibility for using the atomic bomb in time 
ofwar, it had only one unit—the 509th Composite Group at Roswell Field, 
New Mexico—capable of delivering the bomb. The 509th, which had dropped 
the atomic bombs on Hiroshima and Nagasaki, was also the only group 
in sac capable of sustained combat operations. 

Obviously this command was not prepared to carry out its mission of 
onducting long-range operations in any part of the world at any time. Its 
planes could not attack intercontinental targets from the United States, 
and it had no adequate bases overseas for use in an emergency. As a deterrent 
0 aggression in its earlier years SAC was far more symbol than reality, but the 
awesome drama of Hiroshima and Nagasaki lent substance to the symbol and 
‘tablished it firmly in the world’s consciousness. 

In the years before the Korean War, under the leadership first of 
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General George C. Kenney and then, beginning in October 1948, of 
Lieutenant General Curtis E. LeMay, sac moved slowly but purposefully 
toward creation of an effective atomic strike force. After the Air Force became 
a separate military service in 1947 and could more readily follow its own in. 
clinations, sac could be strengthened. But even though it received top prior. 
ity among the usar combat commands, sac still lacked bases, planes, equip- 
ment, and trained manpower, and it had to do its job with inadequate 
resources. 

Disturbed world conditions that produced at first periodic tensions and 
subsequently an almost continuous tension that came to be called “cold 
war” served to enhance the importance of sac as the key to the Nation's 
military security. By the end of 1947, sac had 50,000 officers and men and 
16 bombardment and 5 fighter groups, but few of these were fully manned 
or operational. In 1948 the first postwar bombers—the B-50, a much-improved 
B-29 design, and the very heavy B-36—joined the B-29 in the inventory. 

The Berlin Airlift in 1948-49 and the explosion of an atomic device by 
the Russians in August 1949, at least three years earlier than anticipated 
by the United States, forced increased urgency in the buildup and moderni- 
zation of sac, but the resources available for the purpose still remained 
limited. The arrival of the B-36, especially in its later improved form, gave 
sac an aircraft with near-intercontinental range and caused the B-29 and the 
B-50 to be classed as medium-weight and medium-range bombers. Early in 
1950 sac had 3 B-36 wings, 11 wings equipped with B-29’s and B-50's, 3 
strategic reconnaissance wings, and 2 fighter wings grouped under the 
Second, Eighth, and Fifteenth Air Forces. 

The Air Force concept of strategic air power as the Nation’s first line 
of national defense and its efforts to claim for sac first priority within the 
defense establishment did not go unchallenged. The competition for funds 
allocated to national defense, especially after 1947, sharpened differences in 
strategic thinking, particularly between the Air Force and the Navy, and 
eventually led to a public airing of the differences in 1949. Previously in 
March 1948 at Key West, Florida, and again in August 1948, at Newport, 
Rhode Island, Secretary of Defense James V. Forrestal presided over com 
ferences with the Joint Chiefs of Staff out of which came agreements on the 
delineation of service missions. The Air Force received primary respons: 
bility for strategic air warfare, but this did not lay at rest the controversy 
over the merits of strategic bombardment, of which the B-36 became 4 
once the symbol of Navy dissent. The subsequent Congressional investigation 
in 1949 did not uphold the Navy's indictment of strategic bombardment. 

The pre-eminence of sac within the Air Force had a profound effect 0" 
the other major combat commands. When the Air Defense Command camt 
into existence in March 1946, its commander, Lieutenant General Georg 
E. Stratemeyer, had on hand four understrength fighter squadrons and ont 
training unit equipped with a few World War II radar sets. In March 1948 the 
American military governor of Germany, General Lucius D. Clay, warned that 
as a result of the Communist seizure of power in Czechoslovakia war migh! 
break out suddenly at any moment. When the Air Force thereupon ordered 
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apc to establish air defenses in the northeastern and northwestern sections 
of the United States and in Alaska, there was only one radar warning station 
in operation in the United States. In Alaska four radar sites were in opera- 
tion a few hours each day. 

The Air Force had previously approved, in 1947, a plan for a major 
aircraft control and warning network, and in March 1948 at the Key West 
Conference the Joint Chiefs of Staff had assigned to the Air Force primary 
responsibility for continental air defense. But resources do not necessarily 
accompany responsibilities, and not until 1949 did apc receive funds to build 
a modified and smaller version of the warning net, to be ready in 1952. In 
August 1949, when the Russians broke the U.S. monopoly on atomic power, 
the need for effective air defense of the United States entered a new and more 
acute stage. By giving priority to fighter and radar squadrons, the Air 
Force rushed to completion by mid-1950 a temporary network of 44 radar 
sites in the northeastern and northwestern sections of the country. It also 
accelerated construction of the longer-range permanent system and dis- 
persed ADC interceptor squadrons over more bases. 

The tactical air function could not achieve the degree of unity enjoyed 
by the strategic and air defense functions. Because of oversea commitments, 
which grew with the passage of time, forces had to be divided between the 
Tactical Air Command and the theater air forces that were continued after 
World War II. The size and strength of Tac and the oversea air forces fluctu- 
ated in accordance with changes in the international situation and the 
allocation of funds. At the end of 1946, Tac had only six combat groups, 
and its aircraft were all out of date with the exception of the A-26, a tacti- 
al bomber. TAC began receiving jet aircraft in 1946 with the arrival of 
the P-80, followed in 1947 by the B-45 and the F-84. 

The intense competition for men and money within the Air Force 
led to the subordination of both Tac and apc as “operational” commands 
under the new Continental Air Command on 1 December 1948. All of TACc’s 
ll combat groups were assigned to ConAC, which could use them for either 
air defense or tactical air missions as necessary. 

U.S. Air Forces in Europe, Far East Air Forces, and the other oversea 
commands suffered from the same problems and deficiencies that beset 
Tactical Air Command. Lack of trained men, aging aircraft and equip- 
ment, lack of capability in such important elements of air power as reconnais- 
ance and transport, and the burden imposed by the performance of other 
lunctions, especially air defense, severely hindered the development of these 
‘ommands into effective fighting forces. The Korean War threw into imme- 
diate and sharp relief these deficiencies in tactical air in the United States and 
the Far East. 


A Jet-Atomic Air Force 


HE onset of the Korean War found the Air Force far short of the 70- 
wing goal it had set itself as the minimum air power requirement for 
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national security. Indeed it had been trying to support 48 wings with 
funds that were sufficient for only 42 combat-effective wings. The Berlin 
Airlift and the emergence of the Soviet Union as an atomic power yet had not 
convinced the U.S. Government and public of the need for an immediate 
and substantial expansion of American military strength. And even the 
Korean War provided only a minimum stimulus to large-scale expansion, 
until the intervention of the Chinese Communists in November 1950 com- 
pletely altered the nature of the conflict. 

The Air Force had felt increasingly the pressure to maintain a_ force 
in-being powerful enough to cope with any potential of attack upon the 
United States. Additionally there was the requirement for the defense of 
Western Europe, as organized under terms of the North Atlantic Treaty 
signed in the preceding year. The related military plan involved a major 
reliance upon the strategic bombing capability of the U.S. Air Force. In 1950, 
before the attack upon South Korea, the forces available to NATO in Europe 
counted only 12 divisions and 400 aircraft. Confronted by the potential of 
some 175 divisions in the well-equipped standing armies of the Soviet Union, 
which were backed up by Satellite divisions and Soviet reserve divisions that 
brought the total to 400, the few NATo divisions were for the most part 
poorly armed for combat and poorly trained and were scattered for occupa- 
tion duty rather than deployed for an active defense. Supporting them in 
the theater was little in the way of armor, prepared positions, heavy artillery, 
secure lines of communications, or even adequate ammunition. Although ad: 
ditional troops were ultimately available from the national forces of the 
signatory powers, only the nuclear-armed, long-range striking force of the 
American Strategic Air Command counterbalanced the vast Soviet man- 
power and furnished the sustaining weapon of NATO to deter assault upon 
free Europe. 

The inability to build a fully potent force in-being had thus kept the 
Air Force in a state of almost constant alarm, especially after the first Soviet 
atomic explosion occurred ahead of schedule and gave warning of an 
imminent counter atomic threat to the United States. But it took the Korean 
War—and the evidence it gave of Soviet willingness to probe Free World 
defenses—to awaken the Nation to the fact that the price of national security 
was high and was increasing rapidly. Realization that the chief threat 
developing to the security of the United States came from the incipient 
Russian atomic air power and that it could best be countered by superior 
U.S. air power helped to create an environment in which it became possible 
for the Air Force to obtain essential increases. 

But as late as June 1950 the force programs had been aimed toward 
contraction rather than expansion of usaF strength, and in Korea, the site of 
actual warfare, the Air Force had to fight at first with the forces it had on 
hand in the Far East Air Forces. That these forces proved adequate must 
be ascribed more to the deficiencies of the North Korean and Chinese Com 
munist air forces than to the readiness of the U.S. Air Force for combat. To 
meet the North Korean aggression, FEAF had some 33,000 officers and men 
organized under three air forces scattered over the Far East from Saipan 
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Okinawa and the Philippines. It had 7 combat wings and a total aircraft 
srength of more than 1100, including 423 F-80C’s. The primary mission as- 
signed to the Far East Air Forces was the air defense of the U.S.-occupied 
regions in the Far East. Assigned only as subordinate missions were the main- 
tenance of “an appropriate mobile air striking force’ and the provision of 
“air support of operations as arranged with appropriate Army and Navy 
commanders.” Essentially, then, FEAF was an air defense force in June 1950 
-and one with declining strength that would have shrunk still more but for 
the beginning of hostilities. 

It took time to convert FEAF’s Fifth Air Force into an effective tactical 
air force and to reinforce it with additional combat units and higher-perform- 
ance aircraft from the United States. As in World War II, all the aircraft 
wed in Korea had been designed before the beginning of hostilities. Later- 
model F-84’s suitable to serve as jet fighter-bombers did not arrive in numbers 
until the second half of 1952, and F-86 interceptor fighters were scarce to 
the end. Fortunately the superior skill and tactics of American fighter pilots, 
and better gunnery aided by the superior gun sight and armament for the 
mission, more than compensated for the F-86’s somewhat inferior flight 
characteristics in comparison with the Russian Mig-15, which was supplied in 
werwhelming number to the Chinese Communist Air Force. The Air Force 
was, however, never able to provide FEAF with adequate photographic re- 
connaissance, night intruder aircraft, all-weather interceptors, modern jet 
bombers, or enough F-86 day intruder fighters for bomber escort. Much 
of the action was conducted with World War II survivals in the inventory, 
many dug from storage. 

The grave shortages revealed by the Korean War in the usar force 
structure, the developing capability of the Soviet Air Force for atomic attack, 
and the commitments for reinforcing the North Atlantic Treaty Organization 
inspired authorization for a large increase in Air Force strength as the 
primary element of the massive American rearmament begun in 1950. by 
the Truman Administration. Force level goals for the Air Force were raised 
fom the pre-Korean 48 wings to 95 combat wings, to be reached by June 
12. In late 1951 a 143-wing program was approved and scheduled for 
completion in mid-1955, but in 1952 the President decided that the program 
thould be “stretched out” a year longer for reasons of economy and because 
ofthe rapid changes in technology. 

The requirement for oversea bases became especially imperative as the 
urgency to counter growing Soviet atomic air power became more pressing. 
farlier, in 1948, when the Berlin Airlift served as a spur to action, the 
British had agreed to the construction of sac bases in Great Britain. Addi- 
tional agreements with foreign countries between 1950 and 1953 led to the 
‘onstruction of sac bases at Thule, Greenland, and in Morocco and Spain. 
These provided the Strategic Air Command with the advance bases to give 
s bombers the necessary combat radius. The Korean War required the 
development of an impressive base structure in the Far East. In Europe the 
large contribution of usaF tactical air and air defense forces to NATO meant 
the construction or expansion of numerous bases for the Air Force in western 
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Europe. Extensive base construction in the United States involved mainj 
modernization or expansion of existing bases. 

In 1953 the Eisenhower Administration reviewed national military polig 
within the broadest possible context, including the international situatio) 
the U.S. economy, and technological change. ‘here emerged from this “ne 
look” general guidelines for the ordering of a military establishment keyed 
to the concept of “security with solvency.” Since a strong military postur 
must be maintained over an indefinite term of years, of equal necessity ; 
must be maintained at a cost that would not bankrupt the Nation. Thy 
Eisenhower Administration therefore determined to place greatest reliance 
the technological primacy of the United States that permitted superior ai 
power and exploitation of advanced weapons for economies in manpower ani 
in conventional forces. 

Substantially the new policy intended to abandon conflict with an aggre 
sor on his own terms and in actions of his choosing. Instead it called 
for U.S. forces of overwhelming retaliatory power that might be applied ir 
the manner that the United States deemed to its own best advantage ir 
response to aggression. Particularly it was hoped to maintain this power a 
a magnitude that would deter attack upon the United States or its vitd 
interests abroad, and thus avoid war on major scale. Essentially this powe 
would rest upon the primacy of American air power. 

Since the effect of the new policy was to place first emphasis on ait 
power, the Air Force suffered less than the other two services in the post 
Korean retrenchment of military strength. In December 1953 Presiden! 
Eisenhower approved a 137-wing goal to be reached by the end of June 1997. 
This resulted in significant shifts in the apportionment of funds among the 
military services. Prior to the Korean War there had prevailed the genera 
principle of a “balance of forces,” which called for a three-way split of 
money among the services so that each received roughly the same amount. 
This principle went by the board beginning with fiscal year 1955, when the 
Air Force received more than 40 per cent of the new funds granted the 
Department of Defense; in fiscal years 1957 and 1958 the Air Force received 
almost half the new funds. 

While the Air Force gained much from this readjustment of resources 
among the services, it was still not in a position to buy all the air powél 
that it considered desirable for the performance of its mission as the Nation's 
prime military force. The Administration maintained tight ceilings on the 
over-all defense budget that served to restrict the allotment of funds to tht 
Air Force as well as to the other two services. Within this financial framework, 
the Air Force continued the first-priority development of an atomic striking 
force and an accompanying continental air defense system. 

The Korean War revealed that the Air Force had been forced to sub 
ordinate its tactical air and air defense missions in order to concentrate 0! 
the Strategic Air Command, but it may be argued that the existence of s# 
in 1950 inhibited the Chinese and their Soviet ally from spreading the W 
beyond Korea. sac had been concentrating since 1947 on building an atom 
bombing force, and after June 1950 it dramatically accelerated this progral! 
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Eventually all the bomber wings acquired a capability to use atomic weapons. 
A degree of training and logistical effort was involved that far transcended 
previous experience. 
Since 1944 the Air Force had pursued major programs to develop jet 
bombers, for the rapid improvement in jet fighter performance meant 
ultimate doom to sAc’s conventional bombers—the B-29, B-50, and even the 
B-36. The first medium jet bomber—the B-47 Stratojet—arrived in sac late 
in 1951, and B-29’s and B-50’s began going out as B-47 wings were formed. 
All B-29’s were gone by the end of 1954 and all B-50’s by mid-1955. The huge 
B-52 Stratofortress began replacing the B-36 in 1955, and all B-36’s were 
gone by early 1959, leaving sac with an all-jet bomber force. As a successor 
to the B-47, already showing fatigue by the end of the Fifties, the first 
supersonic jet bomber—the B-58—entered sac operational units in the summer 
of 1960. It is planned that the B-58 will re-equip only a portion of the 
B-47 units. 
For more than a decade after World War II, sac persisted in maintain- 
ing a force of fighters to provide escort for the bombers. This policy was the 
result of World War II experience showing the importance, even indispensa- 
bility, of fighter escort for bombers facing stout fighter opposition. sac in- 
creased its fighter strength from two wings—one F-51 and one F-84—at the end 
of 1948 to six wings—all F-84—by 1957, But by then the handwriting on the 
wall was unmistakable: the growing effectiveness of air defense systems and 
the large margin of superiority of the jet fighter over the jet bomber spelled 
the end of the traditional bomber formation—and therefore the function of 
escort fighters. Consequently sac relinquished its fighter wings in 1957, trans- 
fering most of them to Tac and inactivating the others. 
Also by 1957 sac had the bases, equipment, techniques, and skilled man- 
power to make it a truly global force. The overriding problem of developing 
the “long reach”—the ability to strike any target in the world from bases 
inthe United States and elsewhere—had been solved. Oversea bases contrib- 
wed much, but aerial refueling proved the major factor in giving sac’s 
bombers intercontinental range. Beginning in 1948 with 2 refueling squad- 
tons, SAG built up a tanker force of 36 refueling squadrons by 1955 and an 
wen larger one by 1960. The advent of the jet bombers created a need for 
ajet tanker; the KC-97 was not adequate because it lacked the speed and 
iling to refuel jets efficiently. The KC-135 provided the answer, and in 
960 sac had more than 300 of these jet tankers, which could refuel aircraft 
at speeds of 500 miles per hour and at altitudes of more than 35,000 feet. 
Refueling became standard practice for whole bomber formations, and sac 
lanes averaged thousands of aerial refuelings per week. 
Employment of the swifter jet bombers improved sac’s capacity for 
penetrating enemy defenses. The fast B-47’s and B-52’s flew singly or in 
mall formations under cover of bad weather or darkness, using speed, decep- 
lion, and evasive tactics to penetrate to the target. Advanced bombing 
'echniques also improved the chances for accurate bombing and escape of 
the attacking bomber. 

The Korean War and the fears that it periodically inspired of a larger 
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war, coupled with the growing evidence of Soviet atomic air power, spurred 
development of an air defense system not only for the United States by 
for all North America. On | January 1951 the Air Force restored the Aj 
Defense Command as an independent and major command and placed under 
it all usaF components with the primary duty of air defense. Since a com 
plete air defense system involved the Army and the Navy as well as the Air 
Force, the Joint Chiefs of Staff agreed, after prolonged discussions, that there 
should be a joint command for continental air defense. On 1 September 1954 
the Continental Air Defense Command, charged with the air defense of the 
United States, was established under the Joint Chiefs of Staff, with the Air 
Force as executive agent. The new joint headquarters, at Colorado Spring; 
Colorado, under a usAF commander, had operational control over designated 
forces of the three services, including Air Defense Command, and the princ:- 
ple of joint control was applied down to the air division level. 

Effective air defense of the North American continent was not possible 
without the full collaboration of Canada. The two countries had been in- 
tegrating their air defenses since 1951, and on 12 September 1957 the 
took the next logical step, establishment of an integrated headquarters, the 
North American Air Defense Command (NorAb), at Colorado Springs. Un- 
der an American commander and a Canadian deputy, NORAD assumed control 
of American and Canadian air defense operations in accordance with a single 
plan approved by both countries. 

The threat to the United States from the atomic bombers of the Soviet 
Air Force grew steadily during the decade beginning with the outbreak of 
the Korean War. From copying old B-29’s and naming them Tu-4’s the 
Soviets progressed in the second half of the decade to sophisticated jet bomb- 
ers that approached the performances of the B-47 and B-52. It seemed likely 
in 1957 that their long-range bomber force would eventually equal and then 
exceed sAc in strength, but the remarkable Soviet success in the development 
of ballistic missiles, stunningly dramatized by Sputniks I and II, apparent) 
caused a major shift in policy. The bomber force grew slowly after 1957 a 
the Soviet Union directed its efforts towards the long-range ballistic missiles 
that seemed to offer a quicker and more effective means of tipping the scales 
of offensive power in their favor. 

By 1960 a formidable North American air defense system had been 
fashioned against bombardment aircraft. The completion of the 75-station 
permanent system radar network in April 1953 was followed by construction 
of the Pinetree Line, of some 30 radar stations along the U.S.-Canadian 
border. But air defense of North America could not begin at the 49th par 
allel, and additional warning lines were built across Canada and extended 
on both sides of the continent into the Atlantic and Pacific oceans. The 
northernmost detection and warning network—the Distant Early Warning 
Line within the Arctic Circle—was begun in 1955 and became operational it 
1957, and the intermediate Mid-Canada Line was constructed along the 
55th parallel. These early-warning systems ultimately were flanked by addi 
tional radar nets in Alaska and the Aleutians on the west and Greenland 0! 
the east. UsAF and Navy early-warning patrol aircraft, Navy picket ships, oft 
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shore Texas Towers, and the Ground Observer Corps completed this vast 
network designed to give the earliest possible warning of attack. 

To cope with aircraft attacks, Air Defense Command relied on a large 
interceptor force equipped with modern planes armed with missiles and 
rockets. The basic need was for an all-weather interceptor that could fly 
under any condition, day or night. By the end of 1954, apc’s 55 squadrons 
of interceptors were equipped with all-weather F-94C, F-89D, and F-86D air- 
caft. In their turn these interceptors gave way to the “century series” air- 
caft-first the F-102A and then the F-104, F-101B, and F-106. The last 
two carried MB-1 Genie nuclear air-to-air rockets for bomber intercept, and 
most of the others carried a varied assortment of armament, including the Fal- 
con and the Sidewinder guided aircraft rockets. After reaching a peak equiva- 
lent to 32 interceptor wings in 1957, strength declined to 25 wings in 1960 as 
the ballistic missile threat increased. 

The role of the Army in air defense derived from its control of anti- 
aircraft artillery. In the 1950’s guns began to give way to missiles, and 
the Army placed great emphasis on the development and maximum deploy- 
ment of the Nike family of interceptor missiles. Although its Nike units 
were under the operational control of CoNAD, competition developed between 
the Army and the Air Force for ultimate control of ground-to-air missiles of 
the air defense system. The fundamental difference between the two services 
entered about the Army’s point-defense concept versus the Air Force's 
aea-defense concept. The Army stationed its guns and missiles in the vicini- 
lies of the targets they were to defend, whereas the Air Force believed in 
meeting attacking bombers with interceptors and missiles as far from the 
lurget as possible. The Army placed its faith in high reliability of its weapons, 
while the Air Force believed in gaining warning time for a maximum effort to 
prevent attackers from even approaching the target. Today’s air defense 
ystem represents the meld, under CONAD operational control, of the most 
elective features of both concepts. The near future, however, promises a 
‘rious need for defense against air-launched missiles carried by bombers 
ind launched from several hundred miles out from target. This trend should 
tad to more emphasis on the Air Force concept of area defense. 

With the advent of missiles on a large scale it appeared that the role 
of interceptors would decline. The Air Force developed and brought into 
peration in 1960 the IM-99 Bomarc interceptor missile—a mach-3 pilotless 
iircraft launched from the ground that could seek out and destroy enemy air- 
tat at distances of several hundred miles. For control of Bomarc missiles 
well as piloted interceptors, the Air Force had sace, developed since 1953, 
‘semiautomatic ground environment system built around giant automatic com- 
puters. Once again these developments were in danger of being overtaken 
ly strategic and technological events almost as soon as they came into opera- 
‘ion. In 1960 the Air Force had to look ahead to creation of an effective de- 
lense against ballistic missiles. 

The Korean War and the need for substantial forces to meet the 
US. commitment to Nato lent impetus to the revitalization and moderni- 
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zation of the Tactical Air Command and the oversea combat commands. The 
Air Force restored TAC to major command status on 1 December 1950 and 
returned to it from ConAC full control of its own units, including 52) 
aircraft of mixed vintage. In 1951 the command had grown to 25 tactical 
wings and more than 60,000 officers and men. But much of its strength had 
to go to build up the Far East Air Forces and the United States Air 
Forces in Europe. In 1952 Tac sent the 49th Air Division, with two wings, 
to England where it had the primary mission of conducting atomic opera. 
tions in support of NATO against air aggression. By June 1953 Tac had sent 
to USAFE, for support of NATO, 8 combat wings and some 15 specialized 
units. 

During the period of the Korean War the Air Force directed the 
development of tactics and techniques for the use of atomic weapons by 
the aircraft and missiles of tactical air forces. Particularly important in 
creating this capacity was the development by 1953 of a low-altitude bombing 
system that enabled fighter-bombers to deliver atomic bombs accurately and 
escape the effects of the ensuing blast. The tremendous speed of the fighter. 
bombers and their versatility shortened the lives of the light bombers—B-57's 
and B-66’s—almost all of which were gone from the inventory by 1960. The 
F-84 and the F-86 gave way to the supersonic century-series aircraft—the F-100, 
F-101, F-104, and F-105, the last being the most advanced in performance. 
The first usaF surface-to-surface tactical missile—the —TTM-61 Matador—came 
into operational use overseas in 1954. A more advanced version—the TM-i6 
Mace—began entering the inventory in 1960. These missiles, capable of being 
equipped with nuclear warheads, augmented actual and potential usar 
strength in oversea areas where they must be deployed because of their limited 
range—up to 600 miles. 

The major problem facing Tac in the Fifties was to find techniques 
for deploying its strength to oversea areas instantaneously in time of 
emergency or war. The possibility, and even likelihood, of little wars and 
incidents, logically to be anticipated after Korea, required great flexibility 
from American air power. To meet this requirement, Tac developed highly 
mobile composite air strike forces (caAsF) that could react within hours to 
emergency calls. These forces could be adjusted in size, composition, and fire 
power to meet any given war or emergency situation. With the help of 
aerial refueling, a whole casF could fly nonstop across the oceans en route (0 
Europe, the Middle East, the Far East—indeed to any trouble spot in the world 
The Lebanon and Taiwan incidents in 1958 provided excellent tests of 
the ability of TAc’s composite air strike forces to respond to trouble fa 
from home. The deployments, on the whole, were successful, but they 
also revealed deficiencies that would have to be remedied. Better tankers and 
more and better-equipped bases were needed to speed up the movemetl 
of these forces. 

The global airlift mission of the Air Force has been met by the Mili 
tary Air Transport Service, a major USAF command and also a Departmen 
of Defense agency, organized in 1948 by merger of the usar Air Transpot 
Command and the Naval Air Transport Service. The prime mission assigned 
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to MATS was to meet the wartime requirements of the Department of De- 
fense. This involved strategic support of the sac striking force by airlifting 
men and materiel, support of other usAF commands, and strategic airlift 
of ground forces as required by the Joint Chiefs of Staff. Specifically ex- 
cluded from the MATs mission was responsibility for tactical air transport 
of airborne troops and for the initial supply and resupply of units in for- 
ward combat areas. This function remained with the troop carriers assigned 
to Air Force combat commands. 

MATS demonstrated its value during the Berlin Airlift of 1948-49 and 
the Pacific airlift of the Korean War period. During the Lebanon and 
Taiwan crises of 1958 it participated in or operated airlifts to the affected 
areas. Much of the success of these and other Mats airlifts depended on the 
activities of four Mats technical agencies: Air Rescue Service, Air Weather 
Service, Air Photographic and Charting Service, and Airways and Air Com- 
munications Service. ‘he greatest problem facing Mats during its entire 
history has been the maintenance of a force of modern aircraft. Development 
of transport aircraft consistently lagged behind combat aircraft, and indeed 
mats lagged behind the best civil airlines in its equipment. In 1960 Congress 
authorized limited funds for beginning an interim modernization of the 
mats force of almost 500 four-engine aircraft. 


Towards the Missile Era 


= missile era was foreshadowed by the German V-weapons of World War 

II, but the technological breakthroughs that made it possible came much 
more rapidly than expected. It is likely that these breakthroughs might have 
come even more quickly had the U.S. Government allocated more resources 
for the purpose in the decade after World War II and had the Air Force 
used more of its resources for development of ballistic missiles. But between 
1945 and 1950 the Air Force had to make the hard choice between present 
and future, and the limited funds available gave little opportunity for 
the kind of compromise between the two it would have preferred. Sheer 
necessity demanded that first priority go to a minimum force in-being—and 
even this was not attainable during those years. 

The increased funds that became available during the Korean War 
made possible the expansion of the missile program. In September 1951 the 
Air Force selected the ballistic missile approach for long-range rocket 
development and focused on what became the $M-65, the Atlas. In 1952-53 
the thermonuclear breakthrough heralded. the advent of lightweight war- 
heads of high yield that would make the development of long-range ballistic 
missiles economically and militarily feasible. As a result of recommendations 
from competent technical advisers in 1954, the Air Force accorded to the 
development of the Atlas the highest priority and initiated work on the SM-68 
Titan in May 1955 as a backup to Atlas. In addition the Air Force, with 
assistance from technical and Congressional sources, pressed for the assignment 
of the highest national priority to Atlas. 
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The potentiality of the intercontinental ballistic missile was obviously 
so great that if the Soviet Union developed the IcbM first the outcome could 
be disastrous for the United States. Impressed by the need for swift action, 
President Eisenhower accorded the “highest priority above all others” to 
Atlas development. Three months later, in December 1955, the President gave 
the same priority to the development of intermediate-range ballistic missiles 
the Army Jupiter and the Air Force SM-75 Thor, already under development 
by the two services as interim missiles. In November 1956 operational em 
ployment of all missiles with range over 200 miles, including the Jupiter 
IRBM as well as Thor, was assigned to the Air Force. 

The Air Force now pressed for development of the earliest possible 
initial operational capability for the ballistic missiles—prior to 1960 if at 
all possible. But the size of the projected 1rRBM and IcBM forces and their 
operational dates were subject to frequent changes after 1955 as a result of 
stretchouts of the programs caused by financial, technical, and operational 
considerations. Potentially outweighing all these influences was the rate of 
Soviet progress in developing ballistic missiles. 

As early as July 1956 the Air Force was aware that it might face 2 
“missile gap” about 1960 if well-evidenced Soviet progress should exceed 
American progress. The spectacular success of Sputnik I on 4 October 1957 
provided unquestionable confirmation of the advanced state of Russian tech: 
nology, especially in rocket propulsion. It was the opening overt shot of 
the missile race and the race for prestige in the conquest of space. The 
United States had no choice but to accept the challenge. The alternative 
could mean catastrophe. 

The immediate result of Sputnik was the expansion of the 1RBM and 
IcBM force programs, but as is normal with all such programs they continued 
to fluctuate during the next three years. The limited range of the IRBM’ 
and the rapid progress of the Atlas after 1957 resulted in gradual cutbacks 
in the 1RBM program, which called for the delivery of Thor missiles to the 
United Kingdom and Jupiter missiles to Italy. The Air Force trained 
British and Italian personnel in the United States to man the squadrons 
The first Thor squadron became operational in the United Kingdom in 
1959 and was followed by three more in 1959-60. 

The first operational Atlas missile was launched by a sac crew from 
Vandenberg ars, California, in September 1959, and additional launches 
followed. In 1960 the missile base at Francis E. Warren ars, Wyoming, bé 
came operational. Since the IcBM is a strategic missile, the Air Force assigned 
control to the Strategic Air Command in late 1957, thereby ensuring unified 
command and use of usaF strategic air weapons. Progress on the SM 
Titan, particularly the Titan II, gave promise of a liquid-propellant missile 
with considerable advantages over the Atlas. 

The abbreviated warning time—on the order of 15 to 30 minutes 
that could be expected before an icBM attack made it imperative that the 
Air Force harden its 1cBm force to reduce its vulnerability to surprise attack 
This took the form of generous use of concrete in aboveground sites and 
use of silo underground sites. To attain an early operational capability the 
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Air Force undertook its first four sites without hardening, but subsequent 
sites are being built with progressive degrees of hardening. 

Seeking the advantages of quicker reaction time and decreased vulner- 
ability, the Air Force secured approval in 1958 for accelerated development 
of the SM-80 Minuteman, a solid-fuel missile with intercontinental range that 
could be fired instantly. The Minuteman will be launched from underground 
hardened silos. Also the Strategic Air Command has made tests of the use of 
Minuteman on railroad cars, to move the missile about from place to place 
and make it impossible for an enemy to plot its precise location. 

There were, to be sure, other missiles, but the influence of the ballistic 
missiles, and especially the 1cBM’s, on the Air Force was quite clear in 1960, 
by which time they had already decidedly altered every major facet of Air 
Force activities: training, research and development, procurement, con- 
struction, logistics, and operations. In fiscal year 1960 the Air Force allocated 
38 per cent of its procurement money for aircraft, but 24 per cent for missiles. 
Research and development expenditures for missiles exceeded those for 
aircraft as early as fiscal year 1958. Emphasis has shifted also in construction 
of base facilities. Most of the new construction under way consists of 
facilities for missiles, while the number of aircraft bases is declining gradually. 

Between 30 June 1957 and 30 June 1960 the Air Force reduced the num- 
ber of its combat wings by 41—from 137 to 96. Of the 96 wings on hand in 
1960, 3 were missile wings. Meanwhile the Air Force has sought to improve 
the effectiveness of its bombers, especially the B-52, by adding air-to-ground 
nuclear missiles to their armament. The effect of this shift is in the direction 
of what has been called a “mixed” force of aircraft and missiles in sac. 
These two elements of the force complement each other for optimum com- 
bat power, each being capable of attacking targets for which it is individual- 
ly best suited, and the combination greatly complicating the enemy’s defensive 
problem. 

The ballistic missile threat has required bold measures by sac to safe- 
guard its bomber force and to reduce to a minimum the time required to 
tact to an attack. Hardening of bases, dispersal of units over a larger 
number of bases, maintenance of a large portion of the force on ground 
alert with a capability for constant airborne alert, and development 
of techniques for launching aircraft much more quickly than previously 
thought possible—all have added to the effectiveness of the force. To meet 
the critical problem of providing early warning of ballistic missile attack to 
‘AC, NORAD, and the Nation, the Air Force began construction of the Ballistic 
Missile Early Warning System (BMeEws). It is anticipated that, by the time 
‘full-scale 1caM attack can be mounted against the United States, BMEWs 
will be able to provide enough warning after the enemy launch to permit the 
launching of sac’s bombers and missiles and the taking of other appropriate 
measures. 

Sputnik I signalized the extension of the ballistic missile race beyond 
the atmosphere and into space. Within a few short years revolutionary 
advances in propulsion have made it obligatory to extend the bounds of 
military thought to dimensions of space and power previously staggering 
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the imagination. Although such dimensions may still be staggering, it ha 
been necessary to contemplate them soberly and to formulate concepts and 
doctrines that will permit the fashioning of the most effective military forces 
for the future. And since these operations will almost certainly be extended 
into space, the Air Force has adopted the concept of aerospace, which holds 
that the earth’s sensible atmosphere and the space beyond are operationally 
indivisible. 

History has demonstrated repeatedly the towering effect of technological 
change upon military forces and upon ideas and concepts of warfare 
well. But ideas and concepts themselves also can direct and modify chang 
by providing a logical and realistic basis for transition from the past to the 
future. In a brief span of 15 years the Air Force has progressed to the 
threshold of space. And in a future that promises even more revolutionay 
change, it must draw on its rich experience of the past to help it forge 
new concepts and shape the aerospace forces of tomorrow. 


Headquarters Air Unwverstty 
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The Present Pattern 


GENERAL Curtis E. LEMAy 


HE FIRST five years of the Sixties will find the United States Air 

Force in a dynamic period of new dimensions, with fresh concepts and 
geater capability as the intercontinental ballistic missile force becomes a 
sowing factor in the complementary mix. 

But this is only a transition. Another era crowds the horizon. As 
serospace power moves from predominant reliance on the manned aircraft 
to the mix of manned and unmanned aerospacecraft, missiles, and satellites, 
the leveling out is only momentary before we push ahead to the next 
plateau. 

The Air Force in the Sixties will have an ever increasing role as an 
instrument of national policy to maintain peace. It will continue to be a 
principal part of the over-all strategy composed of political, economic, 
pychological, and military factors. A homogeneous blend of strength, philoso- 
phy, and concepts will continue to give the Free World tangible promise 
of lasting peace. 

The basic tasks of the Department of Defense in meeting the threats are: 

e maintenance of forces capable of military victory in event of 
general war 

e maintenance of an effective defense of the North American continent 

e maintenance of forces, strategically placed, to demonstrate the in- 
ent, capability, and readiness to support our allies and possessing an effec- 
tive limited-war capability. 

The greatest threat to survival will remain that of general war. In- 
weasing Soviet 1cBM capability makes the threat even more serious because of 
he continuing compression of time. The Air Force contribution to national 
defense, therefore, will be to provide a decisive counterforce capability. 

Since aerospace extends from here to infinity, the power applications 
inherent in operations within this medium present a wide range of possibili- 
is and problems. Flexibility will continue to be a key factor, with the 
tmergence of new systems that will accent our present problems and _ re- 
quire increased emphasis in certain areas—specifically, in intelligence, warn- 
ing, and control. 

Organizational changes will be inevitable during this period of transi- 
tion, to streamline existing structures to match technological advances. An 
‘xample of streamlining will be the consolidation of tanker forces. A single- 
managership of tanker forces is now planned, as the KC-135 Stratotanker 
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becomes predominant in the inventory. The tanker force will refuel bot) 
sac bombers and Tac fighters. This standardization and centralization wil 
profit the defense structure. 

Personnel changes forecast during the next five years will not be drasti 
but will be marked by an increased emphasis on attracting and retainin 
personnel with technical and scientific backgrounds. This trend will resul 
from the activation of missile units and aerospace control and support 5 
tems. Simultaneously our development program will strive for simplicity o/ 
operation of weapon systems. Cross training and diversion of present person 
nel to allied fields will enable us to utilize most of the skills presently avail 
able. Requirements for flying personnel will not be as large as in th 
past, but the manned system is vital to a flexible aerospace force ani 
significant numbers of aircrewmen will be required. Skills required toda 
will be required in the middle Sixties. Dedication to the mission, profession 
alism in every job, and effective management of men and_ material 
will remain the ingredients of leadership at all levels. 

The most noticeable changes will come from technological upheaval 
Unanticipated technological breakthroughs and the constant need to su 
pass the changing Communist threat require continuous improvement in weap 
ons performance. The mating of the Hound Dog and Skybolt air-launche 
missiles to the B-52 bomber typifies this requirement and the solution. The 
complexity of weapons has accented not only the long lead time required 
for the weapons themselves but also the lead time for their elaborate ani 
increasingly expensive support structures and associated supporting sy 
tems. These structures are not always suited for the succeeding generation 
of weapons, as evidenced today in the case of air bases being converted t 
missile bases. Technological progress will continue to raise the costs of deve! 
oping, buying, operating, and maintaining weapon systems. Today the co 
per hour flown by a B-52 is more than twice that of the B-47. The cost of: 
new bomber, even when produced in sizable numbers, has increased twofoll 
over its predecessor. In research and development, funding in the misiil’ 
field has reached the multibillion mark. 

Because of the threat, the mid-Sixties will be marked by more ani 
more funds devoted to means and methods for devising and developing a 
ability to discourage and repel attack. Command and control structutts 
are being hardened. The strategic forces are stressing dispersal and hardening 
mobile missile train systems, and airborne and ground alert. Increased em: 
phasis on electronics communications will continue because should an attat 
come we must have swift, reliable, and survivable communications for thé 
control of our forces. 


counterforce 


An assessment of deterrent military power must be based on the pow! 
we can reasonably expect to have left after a surprise attack. Superior atl? 
space power, in teamwork with ground and sea power, remains the key 10 
victory. 
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Victory in the future, as in the past, will come through an optimum 
balance of offensive and defensive actions. Victory is achieved by the inter- 
related efforts of offensive and defensive forces employed to destroy the 
aggressor’s aerospace force. Forces that can prevail under any circumstances— 
even after suffering a surprise attack—are war-winning forces. To satisfy the 
requirement, an ensured counterforce potential continues as the essence of 
the Air Force formula for national security. 

There will be both fixed and mobile missile systems in our forces 
to confront an enemy with diversified power which will be extremely difficult 
if not impossible to destroy. But the numbers of missiles in each type of 
delivery system will be carefully evaluated with respect to the advantages and 
disadvantages of each system. 

There will not be overemphasis on the unmanned systems. Undue reli- 
ance on ballistic missiles could create an intolerable strategic position where 
no flexibility exists in choice or degree of response. With manned aerospace- 
aaft in our forces, reactions can vary with the situations. Forces can be 
launched on less-than-certain information and recalled if the situation 
changes. The man in control can use his judgment when faced with different 
situations. He can observe, think, discriminate, and make unrehearsed de- 
cisions. 

In summary, aerospace forces must be sufficient, prepared, and able to 
destroy any aggressor’s military power to the extent that he no longer has 
the will or ability to wage war. Peace will depend on our ability to main- 
lain a poised and ever-ready war-fighting and war-winning force—a credible 
counterforce. In the Sixties this force will continue to be the nucleus of 
deterrence. 


strategic aerospace forces 


The Strategic Air Command will continue to make a major contribution 
to the national military posture in the Sixties. Yet more than any other 
single command it will be changing dynamically with the evolution of air 
power into aerospace power. 

Relatively early in the decade sac will have made the transition to 
atrue mixed force. For all practical purposes the strategic counterforce will in 
tumbers be an equal blend of manned bombers and missiles—air-to-surface 
missiles (AsM’s) and intercontinental ballistic missiles (1cBM’s). This long- 
ange strike force will retain the mission of deterring war, or, if deterrence fails, 
ofdestroying the military power of the aggressor. sac’s capability will continue 
0 be the cornerstone of deterrence of war. 

The critical problems facing sac will be warning, intelligence, and con- 
tol. Positive efforts are being made to solve these problems and enhance 
the qualities of readiness, survivability, and capability to penetrate. 

Since our national policy is deterrence, the requirement for survivability 
‘sumes great importance. When manned bombers were the only threat to 
tational survival, we could expect several hours of tactical warning. With 
the introduction of 1cm’s and their reduced time of flight over interconti- 
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nental ranges, useful warning time is drastically reduced. The Ballisti 
Missile Early Warning System (BMEWws) and the missile defense alarm satel 
lite (Midas) will provide 15 to 30 minutes’ warning of missile attack. Con. 
fronted with this compression of time, sac will rely for security of its forces 
on professional people, improved command and control, dispersal, ground 
and airborne alert, mobility, and hardening, in addition to strategic and 
tactical warning. 

Tactical warning will come from air defense systems, while strategic 
warning will accrue from intelligence and other sources. 

Of constant importance is the problem of control. Improved communi. 
cations will strengthen sac’s control of the forces and interlock the oper. 
ation of the ground and airborne alert forces. 

sac will continue to place heavy reliance on the manned system, be 
cause there is no reliable substitute for the human brain and _ further be. 
cause a satisfactory answer may be found to the problem of defense agains 
ballistic missiles. 

By basing strategic forces in the United States, sac will retain security 
control, and economy of force. The all-jet bomber and tanker force of tht 
Sixties will be launched under positive control and will have the capability 
of being recalled. In addition the bomber-tanker force will have the capabil 
ity of continued air operations and armed reconnaissance in a mop-up role. 
This essential restrike capability is inherent in the manned systems and 
provides sustaining power. 

By the middle of this decade, much of sac’s striking power will be en- 
trusted to the unmanned systems—icBM’s and AsM’s. But until missiles reach 
the required state of reliability, the manned bomber will represent the majoi 
U.S. military instrument to ensure peace. 

During this period the B-47 Stratojet force will phase down. There wil 
be no consequent lessening of sac’s capability, however, because of the intro: 
duction of the air-to-surface missiles Hound Dog and Skybolt. Simultaneously 
the B-52 bomber force will continue to expand until it reaches its programed 
level. Advanced models of the B-52 will have increased range and. survival 
capabilities. ‘The Asm’s will complement the B-52 force and more than com 
pensate for the loss in numbers of the medium jets that face obsolescence in 
the early 1960’s. 

Hound Dog, the air-breathing more-than-500-mile-range missile, pays it 
own way in that its jet engine not only gives the B-52 added thrust fo 
take-off but also is usable as boost in flight. The hypersonic Skybolt, a solid 
propellant air-launched ballistic missile, follow-on to the Hound Dog, vil 
have a 1000-mile range. Air-to-surface missiles thus give new uses to the 
old, updating the B-52 as a versatile, mobile vehicle responsive to the de 
mands of counterforce operations. 

Already capable of penetrating known defenses, the B-52 augmented 
by the long reach of the asm will further be able to survive through the most 
heavily defended areas and with great selectivity destroy assigned target 
with its internal bomb load. A high-altitude and low-altitude penetration 
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op-up role The KC-135 Stratotanker will be operational in full strength by the | 
mid-Sixties. Like the strategic bomber forces, it will be based in the United | 
States and thus be able to meet threats from all directions. The KC-97 tanker, | 
ike its teammate the B-47, will phase down. 

Entering the sAc inventory in 1960, the mach-2 B-58 Hustler is able to 
ill a variety of roles and has increased survivability. The programed force 
f B-58’s will be operational by the mid-Sixties. Development will continue 
on the mach-3 B-70 bomber. 

While the bulk of sac’s power will be carried in the bomb bays and 
under the wings of manned bombers during the next five years, the age of 
the intercontinental missile is at hand. Survivability of the force, manned 
programe! find unmanned, remains critical. 
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Artist’s sketch of the B-70 intercontinental bomber 


A counterforce capability which includes intercontinental ballistic mis 
siles will require that the U.S. missile force be large in numbers and that 
the force be deployed and configured so that each missile presents a sing 
target. Concurrently, instant reaction and control must be achieved. Basing 
missiles in the United States under positive command and control is 
Air Force formula. . 

Already operational is the liquid-fueled Atlas, the “Adam” of thé 
ICBM program. The tremendous growth potential of the Atlas is exemplifiel 
by its transition from radio-controlled guidance to inertial guidance and from 
soft to hardened installations. By the end of this period the full Atl 
force will be operational. Alongside it in the inventory will be the two-stagt 
liquid-fueled Titan 1cpm, another advance in the state of the art. The 
programed Titan force is also expected to be fully on guard, including the 
much-improved Titan II, which will use storable, noncryogenic fuels and be 
launched from underground silos. 

While the Atlas and Titan missile forces will be sizable, the Minutema! 
weapon system will be the numerical turning point in the mix of th 
manned system and the missile. Suitable for fixed and perhaps mobile employ 
ment, the solid-propellant Minuteman weapon system will be less expensiv’ 
more reliable, capable of almost instantaneous reaction, and _ virtually im Ninsten 
pregnable. Minuteman, if obtained in sufficient quantity by the middle Sixtié 
and deployed in hardened and dispersed silos and on mobile missile trait 
will present a near insolvable missile target equation for any attacker. The 
Minuteman will not make the Atlas and Titan missiles obsolete. Liqu¢ 
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fueled rocket engines at the present stage of the art have greater thrust poten 19 # 
tial, i.e., specific impulse, than solid-propellant rockets. Atlases and ‘Titans yi and 
be the workhorses of the missile force, with the ability to launch high-yieli fight 
nuclear warheads well in excess of their originally designed range of 6 § matt 
miles. 

The middle Sixties will see the ascendancy of the unmanned missil: § ' P! 
systems, but sac, fully realizing the limitations of these systems, will exer a ble 
every effort to retain its hard core of professional people and_ build {a Force 
the next era when man will continue his key role in operating aerospace Sidev 
forces for the maintenance of peace. I 

missil 

: midd. 
tactical aerospace forces iit 

Tactical forces in the first five years of this new decade will be weddeif Mace 
even more closely to other elements of the aerospace force to provide swift f !p P 
reaction to a variety of situations. With a primary role of delivering destru. V 
tion against predesignated targets or on such other targets as the tactical § consta 
situation may dictate, highly mobile tactical weapon systems will consis § of the 
primarily of subsonic and supersonic tactical fighters and tactical missile will g 
augmented by swift and rugged airlift components. M 

Tac’s job will be virtually unchanged: to attain aerospace superioriy§ period 
over the battle areas; to perform interdiction and support missions; wf “king 
execute reconnaissance—photographic and electronic, tactical and weather § the ta 
and to provide tactical airlift. Recognizing the need for adequate limited-waf "timp 
capability, the Air Force will continue to place emphasis upon the necessi emerge 
for maintaining mobile, hard-hitting strike forces in the zone of interior. Tht from r 
Composite Air Strike Force (casF) fills this requirement. Developed such a 
provide an efficient, economical means of combating limited wars, the cat J ments | 
consists of tactical fighters, reconnaissance, tankers, and tactical airlift av W 
can be tailored to fit most situations. Designed to take advantage of tlt§ contrib 
inherent mobility of aerospace power, improvements in air-refueling tec § war. Co 
niques enable casF forces to dash to trouble spots in a matter of hours. § bombir 

By the middle Sixties the backbone of tactical air forces will be U} efort o 
F-105 Thunderchief. This versatile tactical fighter is capable of speeds " I Defense 
excess of 1300 miles per hour, yet has an improved loiter capability. Designté Du 
to attain and maintain aerospace supremacy over battle areas, the F-105 J... (I 
deliver a variety of munitions on selected targets. Equally able to use 9 i191, 
ventional armament, it has a nuclear-bomb capability, and a nuclear-armt Mace, 
rocket is being developed for it. With its in-flight refueling and all-weathit the hig 
capability, the F-105 will be the mainstay of the Composite Air Strike 
Force. 

While the mid-Sixties force will still rely to a decreasing extent on the aerospa 
F-100 Super Sabre, RF-101 Voodoo, and the KB-50 tanker, conversion to tit Ai 
F-105 with its mach-2 speed has accented the need for a companion tanké! - 
This need will be met by the KC-135 Stratotanker. The team of the F/RF-L i - 
F-100, RF-101, and KC-135 will further decrease the time required to sp ihe air-L 
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to trouble spots and will add to reliability. The present inventory of B-57 
and B-66 bombers will be phased out during the next few years, yet the 
fghter aircraft of Tac will continue to provide a force that can fight in a 
matter of hours at any place in the world. 

In keeping with the Air Force concept of a mixture of weapon systems 
to provide flexibility and mobility, world-wide tactical aerospace forces will be 
a blend of manned and unmanned systems. The tactical fighters of the Air 
Force will capitalize on the latest rocket systems, such as the Bullpup and 
Sidewinder, but be equally competent in using other conventional munitions. 

Retiring during this period will be the Matador air-breathing tactical 
missile, which has stood guard effectively in Germany and Formosa. By the 
middle of the Sixties the much-improved Mace will be predominant in the 
tacticel missile inventory, both in mobile and hardened configuration. The 
Mace will capitalize on a virtually jamproof guidance system to make tree- 
lop penetrations and attack targets with great accuracy. 

While the number of aircraft in the tactical airlift force will remain 
constant during this period, the total airlift capacity will increase as a result 
of the C-130 Hercules transport replacing the C-123 Provider. The Hercules 
will greatly increase the ability of Tac to support the Army requirements. 

Many refinements in techniques can be expected during the five-year 
period ahead. Tactical aerospace forces will continue to stress survivability, 
taking full advantage of mobility and quick reaction time. Plans for increasing 
the tactical fighter’s survivability include hardening, dispersal, and use of 
unimproved airfields, highways, and other strips suitable for operations in an 
emergency. The years ahead will see more stress on this ability to operate 
fom nonfixed bases. Training and experience gained in actual emergencies 
such as Taiwan and Lebanon and in routine peacetime rotational deploy- 
ments overseas will sharpen techniques necessary in times of tension. 

With a sizable strength positioned overseas, tactical aerospace forces 
contribute significantly to the strength of the Air Force in event of general 
war. Combining range, speed, and ability to penetrate and using low-altitude 
bombing techniques, the tactical fighter will complement the counteroffensive 
fort of the Strategic Air Command in general war and supplement the Air 
Defense Command in its role of aerospace control. 

During this time period follow-on aircraft and missiles needed by TAC 
ae: (1) an advanced multipurpose tactical fighter aircraft with short take-off 
and landing characteristics; and (2) a mid-range missile to supplement the 
Mace, giving Tac a high-altitude and low-altitude missile capability like 
the high-low capability possessed by its fighter force. 


aerospace defense 


Air defense forces, although faced with an increasing ballistic missile and 
space threat, will also continue to improve their capability to defend against 
the air-breathing threat. 
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Offensive and defensive operations will be interrelated tomorrow 4 
they are today. The prime defensive role will be to provide warning of 
enemy attack, to prevent unacceptable destruction by enemy air attack, and to 
control aerospace for employment of our strategic forces. 

One of the most complex problems confronting air defense forces during 
the early and middle Sixties will be warning of ballistic missile attack. The 
BMEws and Midas systems will increase our military capability and ability 
to protect the counterforce, as will other survival actions such as the sac 
airborne alert, dispersal and hardening of our strategic bases, hardening of 
key air defense centers, and survival and recovery planning for essential 
military and civilian elements. 

The first key link in the missile warning system is BMEws, the Ballis 
tic Missile Early Warning System, which will consist of three gigantic 
electronic installations in Alaska, Greenland, and the United Kingdom. The 
Greenland site is already operational. In 1961 the station in Alaska will 
be operational and, along with the Greenland installation, will give warn 
ing of 1cBM attack from over the North Polar regions. When the site in the 
United Kingdom is operational in 1963, air defense forces will be able to 
warn of attack from the critical approaches flanking the polar route. This 
far-searching radar fence, scanning the reaches of aerospace, should provide 
about 15 minutes’ warning. Restricted to line-of-sight detection, the BMEWs 
is the first element of a complementary system. 

To obtain maximum warning, the Midas satellite warning system 
will be operational by the mid-point in the decade. Air defense forces BMEWS. 
will then be able to increase significantly the response time available to mount 
the offensive forces. The two systems, Midas and BMeEws, are designed 
to provide the earliest and most reliable warning possible against IcBM’s, I¢ 
gardless of the wide variety of tactics available to the enemy. rockets, 

The capabilities of either system do not reduce the requirement fot J /ong-range 
the other. The two systems complement each other in attaining a time-phastd [period to 
capability. bombers. 

During this period the threat of the air-to-surface missile will increase. Like 
In addition to the blast effect, problems associated with nuclear detonation’ |manned sy 
require destruction of hostile enemy bombers as far away as possible. The [Vy strength 
introduction of asm’s in the Soviet inventory will aggravate the problem, Jonfirm th 
just as our Hound Dog and Skybolt missiles greatly compound the Soviet fin the yea 
defense problems. Without long-range manned and unmanned interceptol, Jented by 
the enemy would have the initiative and operational latitude to concenttalé J isquarry ; 
even more on this tactic of standoff attack. Since 

Under present plans, total interceptor strength will be gradually t flunction of 
duced. Air Defense Command will have as its primary manned intercept! Btemain in 
the supersonic F-106 Delta Dart. The present strength in F-102 Delta fof this mz 
Daggers will show a gradual decline, while the number of F-101B Vo0d0 fnissiles—on 
will remain fairly stable. Modernization programs already begun, and tho F Early ; 
that will follow as a result of technological breakthroughs, will upgrade the Bystems will 
capability of the defense forces. Supersonic all-weather jet interceptors, armed iechniques 
with great kill arsenals in the Falcon, Sidewinder, and Genie air-to-all 
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BMEWS (Ballistic Missile Early Warning System) 


tockets, will remain the backbone of area defense. The development of a 
nent for fong-range mach-3 interceptor—LRI-X—may become mandatory during this 
\e-phased J period to meet the Asm threat as well as the threat of Soviet high-performance 
bombers. 

increase. Like the other commands, apc will have a mixture of manned and un- 
onations Jmanned systems. Bomarc missiles, our unmanned interceptors, will significant- 
ble. The fly strengthen the manned force. Tests during the spring and summer of 1960 
problem, Jonirm that Bomarc offers a potent answer to the manned-bomber threat 
re Soviel Jin the years to come. The A model, with a 200-mile range, will be supple- 
erceptols, Fuented by the newer B model that can streak more than 400 miles to destroy 
ncentratt fils quarry at speeds of mach 3. 

Since man will not be replaced, because only he can perform the vital 
ually 1 lunction of positive identification and assessment, the manned interceptor will 
tercept! ftmain in the inventory for the foreseeable future. The Bomarc is an extension 
02 Delt fof this manned capability, but it is faced with the limitations of other 
Voodor fnissiles—once it is fired there is no recall. 

ind _ those Early in the period, capacity, accuracy, and speed of our weapon control 
prade the ystems will be improved further through the use of electronic data-handling 


rs, armet tchniques to plot and record aircraft positions. Replacing the old manual 
air-to-all 

























Midas (Missile De- 
fense Alarm Satellite) 





systems, this advancement will be incorporated in the saGE control system 
The sacE system provides centralized control of air defense operations, att 
quate control in the assignment and direction of high-speed air defense 
weapons against hostile aerial vehicles, and defense in depth along @ 
proaches to vital and critical target areas within the United States. 

Manned interceptors, along with various air defense missile system 
satellites, and the radar complexes, satisfy the requirements for adequate all 
defense—detection, guidance to target, interception of attackers, and the 
destruction of attackers before they are able to destroy their target. 

Through the middle Sixties the air defense forces of the Air Force will 
be built and operated on these concepts: 


e Air offense and air defense are interrelated, and both are essentid 
to deterrence and to victory. 

e A primary air defense mission is tactical warning. 

e Air defense must adhere to the concept of area defense in depth, with 
the goal of remoting the combat. 

e Air defense requires a mixture of complementary weapons. The 
increasing threat of 1cBM’s does not eliminate the requirement for manned 
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and unmanned interceptors to counter the air-breathing and asm threats. 


e Centralized control] is required for effective use of air defense 
weapons and for protection of air offensive forces. Automation is essential 
in air defense. 


airlift 


Military Air Transport Service will continue to have the basic task 
and mission of providing the essential wartime airlift as approved by the 
Joint Chiefs of Staff. Long-overdue modernization programs will begin to 
strengthen the transport fleet, with the acquisition of new and more modern 
aircraft by the middle Sixties. 

Modernization will permit a reduction in the total number of aircraft, 
provided current airlift requirements are not increased. By maintaining a 
sate of instant readiness, MATS will be able to accomplish its primary task 
of quick response and direct support of the strategic and tactical offensive 
strike forces. Already Mats is airlifting intercontinental and intermediate- 
range missiles. 

During this period Mats will still rely on the C-124, C-121, C-118, and 
newer C-133 aircraft. Augmenting MATs in an emergency will be the Civil 
Reserve Air Fleet (crAF) and Air Reserve units. The airlift potential can 
be further increased by use of tactical air troop-carrier airlift, if it is not 
otherwise committed. On the horizon is a new transport aircraft designed 
0 meet MATS specifications and enable the command to more effectively 
perform its mission in the rapidly approaching missile age. To fill the 
breach, turboprop and possibly some jet transports will enter the inventory 
toreplace a portion of the aging C-124’s. 

Other MATs units will provide the same basic services in the Sixties. 
The Air Rescue Service may be reduced in size because of improved aircraft 
and changing mission requirements. The units will be equipped with C-118 
C121 aircraft resulting from the expected modernization. We expect to 
te able to retire the five air weather reconnaissance units. While the require- 
nent: for this service will continue to exist, advanced Tiros satellites and 
other units will perform the task. Through conversion to C-130 aircraft, the 
“ats photomapping units can be reduced from three squadrons to two. 

With nearly 90 per cent of its aircraft considered obsolete, the next 
ive years for MATS will be ones requiring innovation and resourcefulness in 
oder to maintain an adequate, effective airlift for supporting our world 
wide forces. 


by 1965 another era will be approaching. In the inevitable race between 
fensive and defensive forces for superiority, the performance characteristics 
of weapon systems already have increased to the point where it is now 
Possible to achieve extreme altitudes and speeds and almost infinite duration. 
Aerospace systems designed to take advantage of these technological break- 
throughs will be incorporated to provide the most effective means for per- 
forming specific military missions. 
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For interim modernization of the MATS transport force, the Air Force has chosen 
the C-130E (shown in model above), an extended-fuselage, improved version of tht 
well-tried C-130B. In the later Sixties the transport force will be bolstered b) 
more than 100 of the C-141 turbofan transports (artist’s sketch shown below). 
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The Air Force’s experience and delegated mission are such that a 
separate doctrine or concept will not be required for the employment of 
weapon systems which exceed some arbitrary velocity and altitude or which 
operate in some artificially segregated medium. Such artificial segregation of 
orbital or space systems from other Air Force systems is impractical and 
would result in an unacceptable division of responsibilities, in confusion, 
and in waste. The Air Force concept for the development and operation of 
space systems is a logical and economical approach for providing for the 
defense of the Nation. 


Headquarters United States Air Force 

















Tomorrow in Aerospace Power 


LIEUTENANT GENERAL ROSCOE C. WILSON 


.* DISCUSSING aerospace forces of the period beyond 1970, I belies 
it more profitable to examine military technology in relation to polic 
and strategy than to treat it in isolation from its applications. As Douhet one 
stated, the form of warfare depends on the technical means available. His 
torically we have pressed technology to give us weapons of increased per 
formance. As we have acquired them, we have found that these advanc 
made new strategies possible and, at times, essential. This may well be the 
course of the future, although the rate of change probably will accelerate a 
the present technological revolution continues. 

This phenomenon is well illustrated by our experience since the end o! 
World War II. In 1945 Dr. Theodore von Karman submitted a report to 
General Arnold entitled, “Toward New Horizons.” This was a_ forecas 
by the Scientific Advisory Group of the technical possibilities of the future 
If we were to write a similar report today, we might properly call it “Beyond 
Horizons,” for we visualize that man shortly will make his first attempts 0 
operate outside his earth environment. In so doing he will leave the world 
in which the word “horizon” has meaning and find himself in a new environ 
ment which is essentially unlimited. 

As we stand on the threshold of this great advance, we are very opt! 
mistic that technology can provide whatever is required to make it a reality 
In fact at times the very richness of our technology makes it difficult 
choose the specific systems to develop in order to attain this capability. Whil 
it is true that we are lacking in adequate knowledge in many basic areas 
such as propulsion, materials, and solid-state physics, we feel that such 
knowledge will be forthcoming in time to meet our requirements. 

Because of this aspect of the coming decades, it is more meaningful and 
profitable to examine the most likely ways in which we will develop futut 
capabilities. Thus my point of departure is not technology per se but tech: 
nology in relation to strategy and policy. 


Policy Considerations: Deterrence 


1% the midst of the dynamic change resulting from technology we @® 


anticipate a constant that will be of prime importance to aerospace op 
tions and strategy. This constant is our policy of ensuring peace by det 
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ring war through superior strength in-being. The strategic positions of the 
U.S. and U.S.S.R. are and must be asymmetrical because of vast difference in 
policy and objectives. ‘This will be an enduring condition unless there is 
a basic change by one side or the other. The central facets of the U.S. 
position are our determination to preserve peace and our belief that peace 
is essential to our progress. 

We have constructed an elaborate conceptual and practical position to 
deter the Communists from using aggression as an instrument of policy. My 
interest centers on the technology necessary to make a strategy of deter- 
rence possible. While the basic concept is static, the execution of concept 
is extremely dynamic because of the revolution in military capabilities re- 
sulting from an exploding technology. The new capabilities have increased 
the possibility of surprise and of attaining a military decision in a very 
short span of time. 


image of future total war 


Prior to the advent of the ballistic missile there was general acceptance 
of the idea that total war would involve the use of nuclear weapons and 
would be of short duration. There were dissenting opinions by proponents 
of various strategies and policies, but they were essentially in the minority. 

Today we find a different popular image of total war, which is visualized 
a “two-shot” nuclear exchange. The enemy launches an all-out attack, 
attempting to achieve surprise, and we retaliate. Then we try to learn 
who won. This great oversimplification comes from a failure to understand 
the intricacies of tactics and logistics, which by their nature dictate a course 
of events that will be quite different from the popular idea. Problems of 
fueling, of controlling and guiding large numbers of missiles simultaneously, 
of scheduling launches so that minimum warning is given of the various 
phases of the attack—these and many other considerations preclude a “one- 
shot” attack. Furthermore the enemy must plan for contingencies. He must 
assume that his knowledge is imperfect, that he has not visualized the exact 
course of the future, and that we will try to deceive him. To meet these prob- 
lms he must allocate a significant part of his military power to the conduct 
of follow-on operations. 

A future total war may be of short duration in comparison to previous 
wars. But it will have several phases, and the first blows will not be the 
‘nd of hostilities. Even though the enemy will have expended part of his 
military power in the initial attack, significant forces will remain. We must 
attack and destroy this part of his power. The outcome of the war will 
depend on the action and reaction in the clashes of forces, not on an ex- 
thange of cities. 

We can assume that the enemy will calculate and recalculate the results 
f these possible clashes, taking into account variations in tactics and in 
Weapon characteristics. We must do the same and devise our forces so that 
the results of his calculations will always lead him to a certainty—the 
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decision not to attack. As long as we succeed in motivating that decisig 
a policy of deterrence will be possible. 

Fundamental to a consideration of strategies are the relative milite 
strengths of the opponents. When these strengths are equal or nearly equi 
the strategic situation is delicately poised. International stability is ensur 
only when one side has overwhelming force and is dedicated to the mai 
tenance of the status quo. The present situation between the Free and Cor 
munist worlds is the most unstable in modern history. 

Returning to Douhet’s observation, we must recognize today that th 
technical means available have altered radically the nature of military oper 
tions. Once hostilities begin we must attack those military forces in-being th: 
are capable of destroying us as a nation in a very short period of tim 
We must have the advanced technical means to disarm the aggressor of thos 
weapons which are a direct threat to our survival. Therefore our milita 
strength must be superior to that of the Communists, regardless of th 
strategic and tactical circumstances which may arise. Only in this way can w 
ensure stability and peace. 


Strategic Considerations 


— this general outline of policy considerations we visualize militay 
forces with certain characteristics enabling them to implement variou 
strategies of our policy of deterrence. These strategies are: 


e second strike 
e a credible option 
® meeting contingencies. 

Before examining these strategies in detail, we must note a conditio! 
that will apply to all military operations in the future. Aerospace system 
will have the ability to provide information on a complex environment. Ou 
many projects in electronic environments and in the use of early satellit: 
systems will lead to a gigantic extension of the world of the senses. Com 
manders will have instantaneous information of a wide variety. Within the 
next 15 years they will be in close touch with events in the terrestrial, 
lunar, and lunar regions. 

Illustrations of this can be seen through the early satellite systems nov 
in advanced state of development. The Midas will keep us informed 0 
missile and satellite launchings in selected areas of the globe. The Tito 
system will offer us global data on weather, greatly enhancing our capabillt 
of forecasting surface weather phenomena. A wide variety of communicatio™ 
satellites will permit commanders to communicate instantly with earthbomé 
airborne, and spaceborne forces. Data on events will be transmitted and wi 
be displayed in meaningful form for decision makers while such events # 


occurring. 
The ramifications of these capabilities can be seen in broad outlint 
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but the details must wait until the systems are closer to an operational 
status. 10 gain some measure of the magnitude of change, we may find a 
due in a historical comparison. Napoleon had to climb towers or ride for 
miles to get a perspective of the battlefield and an insight into enemy 
dispositions. Ihe operational environment of the future will be as radically 
different from today’s as ours is from Napoleon’s. 


second-strike capability 


With these general remarks, let us turn to the forces operating in this 
complex environment. Second-strike forces must possess these characteristics: 


e ability to survive surprise attack 
e ability to penetrate enemy defenses 
e ability to destroy selected military targets. 


Survivability. Survivability can be achieved through a variety of meas- 
ures. Warning of attack is of course essential to protection of our offensive 
striking power. It can contribute to the active defense of this part of our 
strategic forces. But as we study the active defense systems needed to meet 
future threats, question arises as to whether the defense may be able to 
destroy a significant part of the enemy attacking force. 

Nevertheless an active defense, even though it may not approach the 
perfection we seek, is essential to a war-winning capability because of 
tactical considerations. Any defense measures that degrade the efficiency of 
the enemy’s striking force can give us an advantage. An active defense 
against ballistic missiles in the terminal phase of their trajectory may 
in the long run be less effective than a satellite-based defense. Yet this 
technical approach has growth potential and can force the enemy to adopt 
countermeasures. And if we can make him increase his forces or expend 
energy to vary trajectories and thus increase the time of flight, we make him 
expend more of his treasure or give us more warning time. Any increase in 
warning time increases the possibility of acquiring more information, of 
deciding the correct measures to take, and of acting to meet the threat. Any 
or all of these eventualities can make us more effective in attacking the 
uncommitted elements of his military power. This complicates the calculation 
of what the Soviets call “the balance of forces.” The net result is that we 
reduce his certainty and increase our deterrent power. 

We recognize that this conclusion on the superiority of the offense is 
a tentative one based on our present point of view. New information and 
developments promise vastly more effective defensive systems. But until 
we actually have them in being we must rely on counteroffensive operations, 
with our extremely advanced systems as the key to our strategy. Even when we 
succeed in attaining a truly effective active defense, we will continue to 
Capitalize on defensive measures which are largely passive in nature. They 
will be extensions of our present approach to survivability—that is, our forces 
Must be dispersed, hardened, mobile, and concealed. We have undertaken 
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to disperse our manned bomber and missile forces. By hardening our miss 
sites we can magnify the delivery problems of the aggressor to the poi 
that he finds it economically infeasible to deliver an attack sufficiently powe 
ful to destroy our missiles. Thus hardening ensures that a significant numbe 
of offensive systems will survive for a counterstroke. 

Mobile forces create uncertainty in the mind of the aggressor and m: 
persuade him to allocate a significant part of his military force to attad 
these targets. Rail mobility alone probably will not suffice to create this w 
certainty Over many years. 

Finally concealment, if effective, creates uncertainty in the mind ¢ 


fs) 


the aggressor that he has the ability to destroy enough of our forces ye 


escape our delivery of a decisive counterblow. 

Penetration. The ascendancy of the offensive over the defensive stem 
particularly from the ability of advanced weapon systems to penetrate enem) 
defenses. The combination of great speed and great altitude, taken togethe 
with numbers during a mass launch, ensures that selected targets will bi 
reached. Improvements clearly possible through the use of decoys, multipl 
warheads, electronic countermeasures, varying trajectories, maneuverability 
feinting, and omnidirectional attack will further increase the ability w 
penetrate defenses. 

Destruction of targets. All these measures and capabilities have as thei 
goal the destruction of selected enemy targets. Success will depend upor 
circular probable error (cep), weapon effects (including nuclear yield 
and knowledge of location. If our forces are inadequate in any of these thre: 
aspects, they will make unrealistic our strategy and thus our ability to dete 
aggression. We can postulate that the enemy may be hardened well beyont 
our present general assumption. If he increases hardening by one order 0! 
magnitude, we may be forced to modify the present “brute force” approat 
to firepower and employ new types of selective destruction. 


Retaliation, a military strategy. An important aspect of retaliation- 
that is, a second strike which retaliates to a surprise attack—which we mus 
keep clearly in mind is that we are not talking of operations of a punitivé 
nature. Our forces must not be designed for purposes of revenge. A sounl 
military strategy or national policy cannot be directed to goals of this naturt 
Rather a retaliatory force must be of a size sufficient to ensure delivery of 4 
decisive blow to the aggressor’s military power and ability to resist. 

Ensuring our second-strike capability. The weapon systems now enter 
ing the inventory and under active development for the coming decade 
will in large measure give our second-strike forces the characteristics the} 
will need. The dispersal of our manned bomber force and of our missilé 
systems will be a reality in this time period. Atlas, Titan, and Minuteman sites 
will have been constructed to hardness criteria that will enhance the! 
survival. The mobility of our Minuteman and Polaris forces will be an inte: 
gral part of military operations. 
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Nevertheless we can still do much to increase survivability through 
mobility and concealment. Both features will be found in manned and 
unmanned systems operating at random throughout the vast reaches of the 
aerospace. Unmanned orbital systems which can be concealed in deep space 
and called down on targets appear to be possibilities which might take their 
place in the future operational inventory. Enemy difficulties in inspecting our 
offensive orbital systems concealed in space would make such systems 
attractive, particularly if an opponent should perfect an effective orbital- 
based system to counter our earth-based offensive capabilities, 

We must also give more emphasis to weapon systems which give us a 
manned capability throughout the aerospace. Atmospheric manned systems 
an find increased concealment through random operations. Manned space- 
aaft can employ dispersal and maneuverability as a means of avoiding detec- 
tion and inspection. Furthermore manned atmospheric systems are essential 
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because of their ability to place graduated, nuclear, multiple firepower op 
selected targets. This capability is the result of the combination of air-launched 
missiles and gravity bombs. The Hound Dog and Skybolt missiles, together 
with their follow-on versions, will do much to ensure an effective second. 
strike capability. In addition to the essential tactical flexibility they give w, 
we need manned aircraft to seek out hard or soft, unknown, and mobil 

































targets. 

The relationship of force characteristics and categories of weapon sy 
tems to ensure execution of a second-strike strategy is exhibited in accompany: 
ing illustration. Examination of these relationships makes it apparent that for 
the ultimate versatility and capability of our forces we must call on technology 
to give us manned aerospacecraft that can operate within and beyond the 
atmosphere and be capable of returning to selected landing points on the 
earth’s surface. This need underscores the vital importance of the Dyna-Soa 
project as the essential first step which will enable man to operate in nea 
earth space, in the cislunar region, and beyond the moon. 

Further advances in the trend started in Minuteman must be continued. 
Miniaturization and reduction in cost will permit proliferation of this 
part of our retaliatory force and thus enhance its survivability. Advances of 
this nature will be possible if we are able to reduce costs. The key to this 
effort is propulsion. We are approaching the theoretical limit in the us 
of chemicals as propellants for our advanced offensive systems. Undoubted)} 
nuclear propulsion and other new concepts will be attractive and essential 
to placing large payloads in orbit. Technical developments in this are 
must be made if we are to have follow-on space systems. aircraft 

Examination of the  force-characteristics-weapon-system _ relationship present 
reveals also the need to modernize the manned atmospheric systems that @! fp nqo. 
strike second in suitable tactical formation to deliver firepower on selected aerodyn 
targets. This capability dictates continuous airborne alert, a need that cal f nydear. 
be met through development of long-endurance aircraft able to carry heavy propuls, 
yield bomb loads and missiles. Presently there are two avenues which we cal Of 
follow to develop such long-endurance aircraft: by way of the nuclear-powertl J tained 
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this area 
_.. Baircraft or the Dromedary aircraft. The Dromedary is a concept which, as 

Tationship presently considered, would be powered by jet engines and would incorporate 

s that @! Fhoundary-layer control in the design of its airframe as the necessary 

n_ selected aerodynamic feature for long endurance. Naturally the great promise of the | 

| that Cl F nuclear-powered aircraft is in the virtually unlimited endurance of its 

rry hea Ff propulsion system. | 

ch we can Of these two approaches the Dromedary promises to be more easily 

r-powertd J attained technically. However this approach represents only an incremental 


advance in aircraft development, whereas nuclear propulsion will open up a 
whole new technical area. It is highly probable that by the time period 
of the 1970’s we will have a feasible nuclear-propulsion system in the day-to- 
day operations of our aerospace forces. Armed with air-launched ballistic mis- 
iiles and operating on random patrol within the lower levels of the atmos- 





phere, the nuclear-powered aircraft will, through its inherent mobility, be 
ideally suited to survive and constantly ready for second-strike action. 





credible option 


It should be clear that up to this point I have been discussing deter- 
tence of a general war resulting from direct attack or threats against the 
United States. To ensure peace, we must also deter aggression against our al- 
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lies. The most effective strategy to attain this goal has been termed the “cred; 


ble option.” In examining the ways in which general war may be initiated 
we can postulate circumstances wherein the Soviets would attack an alj 
without involving the U.S. directly. Deterrence of this possibility is based o 
the credibility of our proclamation that we will act to defend our ally ever 
at the risk of involving our own homeland, its population, and its resource 
This is the most difficult form of strategy to comprehend and to plan fo 

From the point of view of technology, we must devise weapon system 
necessary to that strategy. To make the strategy credible, we must look beyond 
strictly military measures and incorporate into our national planning the 
defense of our civilian populace. Civil defense, with the objective of minimi: 
ing damage to our country and its people, is and will be a vital elemen 
of our national defense posture. Practical passive defense measures mus 
be assessed very carefully by any potential enemy when he calculates his 
chances of success in initiating aggression. 


meeting contingencies 


The final aspect of strategy which we must consider is the capabilit 
to meet the wide variety of threats short of total war which we will continue 
to face. A part of our aerospace power must have characteristics that peril 
decisive military action to control selected terrain and to defeat fore 
seeking limited surface advances. But inherent in such limited conflicts i 
also the danger that they will lead to total war. Operations around the glob 
do not and will not occur in isolation. They must always be viewed in tit 
context of their impact on the total balance of military forces. Against thi 
very general image of conflict we can foresee a need for operation of com 
bined arms and for the use of atmospheric systems as an essential part 0 
the combination. The detailed knowledge of events gained through aerospat 
systems will enhance the effectiveness of such atmospheric systems. 

At this point we must ask ourselves whether the air vehicles used 
such small-war situations will differ markedly from those we know todi 
At the present time we see that conflicting military requirements are makitj 
it difficult to develop atmospheric systems with the features needed for anti 
ipated operations. On the one hand we search for increased performance |! 
terms of speed, range, and altitude. This is dictated by the need to survive int 
face of constantly increasing performance of enemy defensive systems. !’ 
attain these goals, we develop systems of ever increasing complexity a 
higher cost, with consequent smaller numbers in the inventory. On the oth! 
hand we search for an easily produced and cheaper vehicle that can opét" 
under austere conditions and capitalize on the principle of mass. . 

The evolution of U.S. Air Force aircraft has been dictated by the ha 
military reasoning of the first of these courses of action. And the need lot 
flexibility to operate in the face of a wide spectrum of threats continués " 
dictate that our aircraft be able to cope with the most difficult situati 
they may face. An opportunity to meet these varied requirements ¢a? be 
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found in nuclear-powered atmospheric systems. It is 


nuclear-powered systems. 





Vertical take-off and 
landing (VTOL.) aircraft 





obvious that they can 


have great range. They can be designed to fly at high speeds and high alti- 
tudes. Their large carrying Capacity can make them usable for limited-war 
‘tuations. We are also certain to have a vertical take-off and landing air- 
aaft capable of operating under austere conditions around the globe. This 
will be a multipurpose weapon system, able to carry bombs and air-launched 
missiles and to conduct reconnaissance. This aircraft may complement the 


The need for increased firepower wil] be met by our advancing tech- 
nology. We can anticipate that the nuclear weapons of today will be replaced 
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by vastly improved munitions which will capitalize on the destructive powe 
of nuclear reaction but which will not have certain harmful effects as 4 
present, notably fallout. Significant advances in yield can greatly reduce th 
requirement for the wide variety of munitions now employed by tactia 











forces. 


THE foregoing summary of major weapon systems postulates major ad 
vances in many areas of science and technology, including materials, pro 
pulsion, and electronics. These advances will come about if our management 
processes are designed to ensure reliability of the weapon systems and jf 
significant breakthroughs are made in reducing costs. But if we are 
optimize these advances, our doctrinal concepts for conducting war mus 
be as dynamic as our technology. Aerospace operations in the period of 
1970 and later will be characterized by an intimate awareness of dynamic 
changes in a complex environment. Aerospace forces will be a combination 
of many offensive and defensive systems of widely varying characteristics and 
capabilities to operate throughout the continuum of the aerospace. 

The technical areas most important for the future are nuclear po 
pulsion and weapon effects. Nuclear propulsion is essential for the manned 
systems of the coming decades. It is imperative if we are to be able to orbit 
large satellites. Significant achievements here are possible. 

Nuclear energy will thus be a key to aerospace power. Harnessing the 
atom for destructive effect brought air power to its culmination and ha 
helped to preserve the peace. Harnessing the atom for propulsion of manned 
aircraft and space systems can well give us aerospace power and make com 
tinued deterrence a reality. 
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PART Il 


Combat and the Aerospace Force 


\ 
\ 


For some years it has been apparent to thinking men the world over 
that modern warfare has hecome one of mankind’s most urgent problems 
and one of his most serious threats. Yet so fundamental and unbridge- 
able has been the gulf between Free World and Communist positions 
that the only sane posture from which to debate the essential easement 





of tension has seemed to be one of undoubted military strength. The Air 
Force has consistently held that for the foreseeable future the only posi 
tive deterrence is derived from an aerospace power that promises de 
feat to any aggressor. 

To maintaining this deterrent, the aerospace forces of the nex 
decade will be dedicated. In terms of missions these forces will resemble, 
at least during the first years of the decade, the aerospace forces of 
the past. However, the roles of the strategic force, the tactical force, 
the defense force, and the strategic airlift force will progressively be. 
come less separate and distinct. By the end of the decade, their missions 
probably will be, at the minimum, global in range, cislunar in altitude, 
hypersonic in speed. Already in the areas of concept, of command and 
control, of over-all military tasks and missions, there have been fore: 
shadowings of overlap and merging of the lines of demarcation be 
tween these responsibilities. 

Part II offers informed views upon the context of aerospace operi- 
tions, the philosophy, equipment, and deployment of the principal 
combat components of aerospace power, their conceptual framework, 
their operational posture, and the probable evolution of their command 


and control. 
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Aerospace Forces 
and the Range of Situations 


LIEUTENANT GENERAL DEAN C. STROTHER 


T MID-CENTURY the Air Force aircraft inventory consisted largely of 
A piston-engine types. Early jet models were just becoming operational. 
As arms for these air vehicles, operations planners had available a few types of 
nuclear bombs and a range of high-explosive, incendiary, and antipersonnel 
bombs of the types that had proved most effective in the Second World War. 
Air-to-air and air-to-ground rockets were new weapons. 

This was a time of flux and of change. The operations planners had to 
achieve an ever growing combat capability while phasing in advanced aircraft 
and new weapons, all this within rigid limits imposed by manpower ceilings 
and available funds. At the same time the military potential of new weapon 
systems then under development had to be taken into account as the planners 
looked toward the future. 

Rocket propulsion gave promise of successful development of ballistic mis- 
siles. The military potential of these new weapons was the primary considera- 
tion, of course, but the Air Force saw in rocket propulsion the beginning of a 
new epoch. We recognized that, with due emphasis on development of the new 
systems and their integration into existing forces, American air superiority could 
be extended to the entire circumambient medium of aerospace. We foresaw 
that, from this continuous medium extending upward and outward from the 
surface of the earth, American power could be brought to bear at any point on 
our planet more swiftly than ever before. 

Today, ten years later, the anticipated aerospace force is a reality. It is an 
integrated force of manned and unmanned air and space systems which, taken 
as a whole, provides a flexible and potent instrument of American national 
policy to serve our national objectives. It provides for tailoring aerospace 
strength to fit precisely any given situation that might require its application. 
lt is appropriate, then, to appraise the range of situations that could arise and 
to examine the force applications they would require. 

All humanity is confronted by two possible situations representing the 
‘xtremes of its hopes and its fears. One of these extremes is true, lasting peace. 
The other extreme is global nuclear war. Between the white of true peace and 
the black of global nuclear war there lies a gradient of situations—a gray scale, 
80 to speak, whose tones merge more or less imperceptibly. With the exception 
of the still improbable condition of true peace or complete international har- 

















54 AIR UNIVERSITY QUARTERLY REVIEW 


mony, all these situations are characterized by conflict between the interests ani 
objectives of the nations of the earth. Conflict is a continuous state of affairs, 
this stage of history, varying only in degree of intensity. 

Not all conflicts between nations lead to military action. If the conflict j 
in the world market place, it is fought with the weapons of economic resource 
and diplomatic negotiation. Its strategy seeks to establish advantageous ew 
nomic positions. Any given national resource can become an instrument o/ 
national will. In modern social organization these instruments are so inte: 
dependent that all, including the military resource, are brought to bear 
greater or lesser degree, whatever the conflicting area of interest. Therefore i 
is the nature of the conflict and its degree of intensity which determine two 
aspects of national action: (a) which, or what combination of, instruments of 
national strength shall be used; and (b) what proportion of total nation 
effort is to be exerted. 

No matter what the exact shade of gray may be, at any given point alon 
the gradient of situations, our national aerospace forces have definite and 
decisive applications. At the two extremes and between them, circumstance 
combine to create an almost infinite range of situations. Only four will be 
discussed here: peace, cold war, limited war, and global nuclear war. 


peace 


The first of these situations is true peace—a blessed condition which mar- 
kind has never known. Because it has never been experienced, the essential 
characteristics of true peace are generally misunderstood. The usual definition 
is a negative one: peace is simply defined as an absence of war. Traditionally 
the termination of hostilities has been hailed as the beginning of a new er 
of peace. Imprisoned by a mental dichotomy of war or peace, men have ger- 
erally failed to grasp the positive aspects of true peace, which represents the 
summation of human hopes and aspirations. 

If peace ever is to be achieved, its very definition must become a positive 
one, for peace, to be real and enduring, must go far beyond the mere cessation 
of wars. Before it can be achieved, all human and international conflicts mus! 
have ready, workable means of resolution, with the objective of eventual 
elimination of conflict itself. True peace must be a condition of complete 
international concord, in which the efforts of all humanity are channeled 
toward humanitarian objectives. 

In a world climate of true peace, a military aerospace force would be a! 
anachronism. Weapons, in a world at peace, would be deposited in museutls 
as mementos of the barbaric days of early civilization. Still, a civil scientific 
aerospace force, deriving from what was originally a military technolog), 
would be an essential element of the situation of true peace. 

In time of disaster—famine, fire, flood, or typhoon—the airlift capacity of 
the civil scientific aerospace force would speed relief to the afflicted areas. The 
speed of international travel and of commerce, served by this aerospace force, 
would further more profound understanding and firmer cooperation betwee? 
all peoples. The exploration of space itself, and its exploitation for peaceful 
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purposes, would be served by a civil scientific aerospace force for the benefit 
of all mankind. 


cold war 


In the clash of national wills, the work of the aerospace operations 
planner is simplified today. He need not make numerous assumptions as to 
the will, capabilities, and intentions of many nations. He need recognize only 
the cleavage between the Free World and the Soviet Union with its proxies 
and satellite states. The areas of conflict between these two blocs have been 
exhaustively studied, are clearly understood, and need not be reviewed here. 
With such a clear understanding we can establish the present situation and 
anticipate the developments that could occur along the whole gradient of 
situations. 

The present environment, of course, is a phase of conflict sometimes 
called “cold war,” which is waged largely with nonmilitary resources. The 
diplomatic, social, psychological, and economic resources of the Free World 
are the strategic weapons in this phase of the conflict. 

In this respect the conflict is between the forces of Communism and self- 
determination. In this conflict the strategies differ. On the one hand the 
Communists seek to establish their system in a position of prestige, so as to 
secure the commitment of more nations to their system and thereby to expand 
their sphere of influence. By contrast, the strategy of the Free World is to 
provide assistance in the form of public and private capital, supported by 
professional and technical knowledge and assistance. The objective is not the 
spread of any specific doctrine or social order. It is rather to help the peoples 
of many nations—including many new ones—to freely decide their own destiny. 

All these nonmilitary forces are being employed against a background of 
Free World strength and determination. In this sense the existence of clearly 
superior aerospace power, coupled with a firm national will to use it if need 
be, has confined international conflict to the social and economic arenas. The 
effect of the existence of the aerospace force has been to deny the enemy free- 
dom to resort to armed aggression in furtherance of his aims. In short, the 
effect has been one of deterrence to aggression—an effect which the aerospace 
forces of the United States must continue to create until it is no longer needed. 

Armed conflicts have occurred since the end of the Second World War, 
but this fact in no way contravenes the principle of deterrence. In no case 
have the armed forces of the major world powers been pitted against each 
other. Such actions as have occurred have been limited in nature and have 
given us clues as to what circumstances might lead to the next level in the 
gradient of situations. 


limited war 


Knowing the areas of conflict in national interest, we can assess their 
effects in terms of geographical contiguity. In this context the limited situation 
‘ould develop, signaling the end of the cold-war situation. On almost any 
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pretext a point of friction could occur between a proxy nation of the Sovig 
Union and either an uncommitted nation or a member nation of some Fre 
World alliance. No other potential international tension appears likely 1 
reach this extreme. If such tensions develop, they would pose no threat to th 
security of the Free World. The conflict therefore would be limited, in term 
of its origin, to Communist action. 

Assuming that the initial friction, such as a clash of border patrols or the 
acts of agents provocateurs, should develop into armed conflict between the 
two initial belligerents, several courses of action could follow. The natio; 
attacked could, if an uncommitted nation, request intervention by a friend) 
power or by forces of the United Nations. If it were a member of a Fre 
World alliance, it would be strengthened by the forces of its alliance. 

Whatever the subsequent course of events, the situation would constitu 
a test of the principle of deterrence. In its primary and fluid stage, the swift 
deployment of small but adequate segments of the aerospace force could sta 
bilize the situation or bring the conflict to an end. Such deployment would 
among other effects, serve notice that the total aerospace force was ready to ac 

With tactical warning provided by the beginning of friction, the tot 
aerospace force would be on full alert status. Preparations would be complet: 
to the most minute detail, even while the tribunals of the diplomats would be 
bringing all pressures to bear to end the conflict and seek solutions of the fric 
tions that caused it. 

In such a world environment, the Soviet Union would face momentous 
decisions. Two courses of action would be open, the consequences of eithe! 
being unfavorable to Soviet national interest. One alternative would be for 
the Soviet Union to disavow the aggressive action of its proxy nation, in ai 
attempt to deny Communist responsibility for initial aggression and thereb) 
absolve the Kremlin from guilt by association. This would sacrifice the prox) 
nation to immediate surrender or to ultimate defeat. Such a sacrifice of 2 
proxy nation would have an inevitable effect upon other proxies and satellite 
of the Soviet Union. It could signal the beginning of disintegration of the 
satellite empire—a process which would inevitably create equally dangerous 
situations in other geographic regions. The second alternative of the Soviel 
Union would be to commit its own military forces in support of the proxy. 
It could do so in either or both of two ways: force commitments could be 
minimal at the scene of battle, or they could be all-out, in an effort to nev 
tralize Free World strength. Events could follow in that order, or both cor 
mitments could be made simultaneously. 

Such would be the test of the principle of deterrence. If the Soviet Union 
should commit its forces, deterrence would have failed, and full retaliation bj 
the Free World aerospace forces would follow. The resultant global nudea! 
war, then, would be the extreme or maximum military situation along ou 
gradient. 


global nuclear war 


The maximum situation could begin without the interposition of limited 
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conflict. Our clearly stated national policy of nonaggression grants to a would- 
be attacker the advantage of surprise. Conceivably the Soviet Union might 
seek to exploit this advantage if its estimate of the situation indicated that the 
odds were highly in favor of success. No such conclusion could be reached at 
this time on rational grounds. Nor could it be reached in the future, given 
the continued logical development of aerospace deterrent capability. But the 
operations planner can never discount the possibility of an enemy decision 
arising from irrational conclusions or as a result of desperation. Such delib- 
erate nuclear self-immolation is almost impossible to imagine, but impossible 
also to discount. 

No matter how the maximum situation might develop, it is axiomatic that 
the military effore would be total. Action would certainly not be confined to 
the area of any original localized conflict but would speedily become global in 
scope. The conflict at this point would be between the aerospace forces of the 
principal belligerents, each seeking to destroy the warmaking potential of the 
other. 

Considering the nature of existing forces, it is evident that the decisive 
phase would be the initial aerospace battle. Once this decision was gained, 
exploitation of the clear-cut advantage would then proceed toward the con- 
clusion of all hostilities. ‘The residual aerospace forces would make clear to 
the enemy the utter futility of prolonged resistance. 


deterrence 


Across the gradient of situations we have considered only four: peace, cold 
war, limited war, and all-out war. In connection with three of these gradients 
of conflict the question of deterrence has been raised. It should be understood 
that neither the aerospace force structure nor the span of time is static, as 
related to the gradient of situations. 

A true deterrent force must have a total power clearly capable of winning 
a swift and favorable decision. The existence of the force must be clearly 
supported by national will and by the determination to use it in support of 
national policies and objectives if the need should arise. Since deterrence is 
an effect upon an enemy, the enemy must know of the existence and capabil- 
ities of the force and fully understand the national character and determina- 
tion to employ it. 

Obviously both the nature of the aerospace force and the level of national 
determination are variable. The deterrent force of 1950 was only a fraction of 
the deterrent force of 1960, which in turn will be only a component of the 
deterrent force of 1970. What deters a potential aggressor this year, he may 
discount a year from now. Deterrent power, therefore, must always be held at 
such a level as to be able to deal successfully with the maximum situation— 
global nuclear war under conditions of surprise attack. Within the scope of 
such a force, its various elements provide the flexibility needed to deal with 
any situation less than maximum in scope and to do so without diluting the 
total capability. 

Under the conditions of true peace, there would be no potential aggressor 
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and hence no need for a deterrent force. As we have not yet reached that sta: 
of perfect civilization, but instead exist under conditions of cold war, aen 
space force in-being now deters potential aggressors and gives other insty 
ments of national policy their essential freedom of action. 

Limited actions, since they contain the seeds of global conflict, requir 
swift application of the precise amount of force needed to contain them an 
to control them, coupled with a clearly expressed national intention to comni 
the full strength of the total force in the event of intervention of a hostik 
major power. 

If at this point on the gradient of conflict deterrence should fail, th 
aerospace forces would then carry out their assigned counterattack mission 
destroying the enemy’s aerospace forces, depriving him of the means of fight 
ing, and ending his will for war. 


AEROSPACE forces have roles to play across the entire gradient of internationd 
situations from true peace to global nuclear war. At the one extreme, as a civi 
scientific instrument of human progress, aerospace power represents dedic 
tion to the nobler purposes of humankind. At the other extreme, America 
aerospace forces would ensure swift and favorable decision in global nuclea 
war. Such a war would be history’s most violent, as well as its shortest. 


Headquarters United States Air Force 
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The Deterrent Offensive Force 


MAJor GENERAL Hewitt T. WHELESS 


HE FUNDAMENTAL measure of this Nation’s deterrent effectiveness 

is the operational capability in-being of its strategic offensive forces. 
These forces must be designed for decisive capabilities, with due considera- 
tion of the variable conditions under which a general war may start and 
the manner in which forces will be employed. Inherent in these forces must be 
the ability to preserve world peace on terms favorable to the United States 
and the Free World, through recognition by a would-be aggressor that he 
cannot possibly emerge the victor in event military hostilities are initiated. 
As of today, this capability is in being, represented by forces of the Strategic 
Air Command. These forces, present and future, are the subject of this 
discussion. 

From a national standpoint, attainment of a decisive capability must be 
based on certain essential elements: 

(1) The national will, intent, and determination to maintain, and employ 
when required, forces capable of military decision in battle. 

(2) Adequate intelligence that will provide the required information for 
the President to make appropriate and timely decisions, and for the mili- 
lary commander to determine the current enemy order of battle as the 
basis for effective war plans. 

(3) Effective command and control procedures and systems whereby deci- 
sions can be passed immediately and continuously to the operational forces. 
(4) Strategic offensive forces, quantitatively and qualitatively capable of 
inflicting maximum destruction on the nuclear and conventional threat to 
the U.S. and its allies, at the source. 

(5) Defensive forces, to destroy the enemy nuclear and conventional deliv- 
ery systems and weapons after they have been launched and prior to impact 
on target. 

(6) Sustaining power, both military and civil, to provide the follow-on 
forces and the recuperative strength essential for favorable strategic decision 
in war. 

These elements of decisiveness are the variables in the deterrent equa- 
tion. From a national standpoint they are infinitely complex. Political, eco- 
nomic, and military factors are totally enmeshed, and they vitally affect 
tach other. Economic limitations dictate allocation of resources, on a priority 
basis, to those military capabilities that can best achieve national objectives. 
Militarily there are numerous critical elements, such as the tactics of offense 
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and defense, scientific breakthroughs, weapon developments, and passive ¢ 


fense measures. These complex and dynamic variables interplay in a qj 


namic environment, highlighting the requirement to reduce to fundamenta 
the essential national task in war. 

Simply stated, this task is to destroy the capability of the enemy 1 
wage war. The task is great, but not insurmountable. Thus the overridin 
priority for U.S. strategic forces, on a time basis, is to have in being th 
capability to effectively destroy the enemy nuclear offensive forces, togethe 
with the supporting elements that employ and sustain the enemy warmakir 
effort. 

The derivative of strategic capability is an effective, recognized deterrent 
offensive force that provides the basis for exercising compelling initiative 
in the conduct of international affairs. It provides credibility both in the 
eyes of our allies and in the eyes of an enemy as to our national wil 
and determination; it imposes an effective reduction in the enemy’s political, 
economic, and military options; and, most significantly, it provides. the 
tangible measure and true meaning of the national policy of deterrence. 


force criteria 


The criteria for the deterrent offensive force are established in the 
perspective of the nature of general war. General war is unpredictable, from 
the standpoint of when and how it may start, the first strike objectives, the 
tactics, and the duration of operations. For example, general war could start 
under conditions of relative surprise from an aggravated overt act or a 
an expansion of limited-war actions. The initial-strike objective could be to 
destroy only the nuclear offensive capability and to maintain a residual 
threat against the industrial potential; or it could reach for a much higher 
level of destruction—the simultaneous targeting of both the offensive threat 
and the urban-industrial potential. The first-strike objectives will be de 
termined by the broader, long-term consideration of what is achievable 
through the general-war course of action, as well as the expediency and 
requirements to meet the current situation. The duration of general war wil 
be determined by the over-all national capability to sustain operations, 
and specifically by the timeliness and decisiveness of the offensive in destroy 
ing the enemy nuclear forces. 

The vast scope of operations in general war determines the basic cziteri 
of the deterrent offensive force. Each weapon and support system must Co? 
tribute through the complete spectrum of operations. Force application and 
effectiveness are measured by weapon system reliability, penetration cap* 
bility, minimum time to target, and target destructiveness, as represented 
by accuracy and warhead yield. From a sustaining standpoint the force and 
its supporting elements must be postured for maximum survival by means of 
dispersal, hardening, mobility, and quick reaction. 

No one weapon system can meet all these criteria. It therefore becom 





neces: 
effect 
uniqt 
empl 
decisi 


the fe 
7 
comp 
er for 
in th 
systen 
7 
force. 
are e! 
perioc 
of the 
be ac 
B-52, 
The < 
tendil 
trend 
allow! 
strike 
perior 
A 
into 
prope 
low ¢ 
be ot 
effecti 
flexib 
bomb 
7 
tion | 
satelli 
warni 
of the 
instru 
functi 
which 
longe 
scienc 
for th 





1 passive ¢. 
ay in a dk 
undamenta| 


e enemy t 
2 overridiny 
n being the 
es, together 
- warmakin 


ed deterren 
ig initiative 
both in the 
ational will 
y’s political, 
rovides the 
ence. 


hed in the 
table, from 
ectives, the 
could start 
| act or as 
‘ould be to 
a residual 
uch_ higher 
sive threat 
vill be de 
achievable 
liency and 
al war will 
operations, 
in destroy: 


sic criteria 
must Cor: 
cation and 
tion capa 
epresented 
force and 
, means of 


e become 





THE DETERRENT OFFENSIVE FORCE 61 


necessary to select, on a contributory basis, those systems that will be most 
elective and efficient. It is through the selection and exploitation of the 
unique capabilities of the proper blend of manned and unmanned systems, 
employing optimized targeting techniques and sophisticated tactics, that the 
decisive deterrent offensive force is maintained. 


the force trend 


The 1960-1970 decade will be a period of dynamic transition in the 
composition and character of the deterrent offensive force. The manned bomb- 
er force will continue to be modernized; missiles in quantity will be included 
in the operational inventory. At the same time newly developed space 
ystems will be making positive contributions to force effectiveness. 

The primary offensive capability today resides in the manned bomber 
force. The improved B-52 models and the new B-58 supersonic bombers 
are entering the operational inventory to programed levels. During this same 
period the B-47 bomber, which is entering obsolescence, will be phased out 
of the force. Improved penetration capability and targeting flexibility will 
be achieved by incorporating the air-to-surface missile Hound Dog on the 
B52, to be followed by the longer-range air-launched ballistic missile Skybolt. 
The all-jet tanker KC-135 continues to enter the operational inventory, ex- 
tending the range of the bomber force to global target coverage. The general 
trend in this manned force during the Sixties will be downward in numbers, 
allowing for the buildup of 1cBM’s. However, significant improvements in 
strike capabilities with this all-jet force will be realized during this time 
period. 

Atlas and ‘Titan intercontinental ballistic missiles are being integrated 
into the deterrent offensive force, to be followed next year by the solid- 
propellant Minuteman. With Minuteman, designed specifically for simplicity, 
low cost, and high reliability, missiles in the quantity required can feasibly 
be obtained. ‘These missiles make a positive contribution to total force 
efectiveness from the standpoints of time period of availability and payload 
flexibility. By the mid-Sixties a true mixed-force capability in missiles and 
bombers will be achieved. 

The ballistic missile program has made an equally significant contribu- 
tion to the national space effort by providing boosters for instrumented 
satellites. Midas, the missile defense alarm satellite, will provide increased 
warning of impending attack, complementing the radar detection capabilities 
of the ground-based Ballistic Missile Early Warning System (BMEws). Other 
instrumented satellites are under development, designed to improve such 
functions as weather forecasting, navigation, and communications—all of 
which will make positive contributions to strategic force effectiveness. For the 
longer term the advances of technology, particularly in propulsion, the life 
sciences, and weaponry, will expand the operational environment and allow 
for the use of manned weapon systems at orbital altitudes and speeds. 
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Fundamental to the armed defense of the United States is the strategi before 
offensive force, a blend of intercontinental bombers and _ intercontinent;| either 
missiles in constant combat readiness. ge 
the D- 


As this force faces the decade of the Sixties, its backbone is still th 
manned jet bomber: the B-47, the B-52, and the B-58. All are capable o |" the 
carrying nuclear weapons and with in-flight refueling can reach any militar |“ less 


target in the world. normal 

The B-52 Stratofortress heavy bomber is the principal component 6 T 
today’s force. Over 550 of these 8-jet giants have been built and put int B58 E 
operation since 1955, the growth potential of the B-52 as a weapon systen | ?PT®* 
having been equal to the challenges of improved enemy air defense radi 50 year 
and interceptor weapons. Succeeding models have flown higher, faster, an/ hem 
farther, meanwhile taking on additional equipment. The latest operation — 
model, the B-52G, not only has greater target altitude, 25 per cent mor bet ~ 
range, and increased climb performance but carries, in addition to its interior sh 


bomb load, two Hound Dog missiles — also capable of carrying nuclear war. 
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heads — air-launched missiles that can be released from outside the enemy 
perimeter defenses. The B-52H will have even greater capability, including 
Skybolt as an improved air-launched ballistic missile in place of Hound Dog. 

Numerically the greatest part of the strategic bomber force is the aged 
B-47 Stratojet. When the 6-jet B-47A first flew in 1950, it was the first 
operational jet strategic bomber in the world, and over 1400 were built 
before the program ended in 1956. By that time most of the force had been 
either built with or refitted to the capabilities of the B-47E. First sup- 
plemented by the heavier B-52 and now being partially replaced by the B-58, 
is still th the B-47 is gradually being phased out, but it has yet a very real value 
in the over-all force, including ability to come in at altitudes of 2000 feet 


e strategi 
continent)| 


ae or less and deliver nuclear weapons with the low-level bombing techniques 
‘ f normally reserved for fighter-bombers. 
ponent d The newest component of the manned bomber force is the supersonic 
J put ins B-58 Hustler. A radical design departure from its predecessors, the B-58 
yon. system represents the a one-generation speed increase in bombers in the 
ense rads 50 years of aircraft design and manufacture. Once described as all engine and 
faster, ani § &** tank, the B-58 In many ways 1s more like a big fighter-bomber than its 
yperationl companion strategic bombers. There is no internal bomb bay, for example, 
but an external pod slung under the fuselage. First flown in 1956 and 
gy ti: wih one squadron now operational, the B-58 will replace a part of the 
silicate B-47 medium-range force. | 
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Other systems aid the manned bomber force in its air alert and, j nissile 
need be, in penetrating to its target. A fleet of tanker aircraft rendezyoy B.52 
with the bombers throughout a great are across the Northern Hemisphere, ep. an 
abling the bombers to maintain their patrol and ensuring that at all time ii be 
a certain portion of the force is ready to move on to strike at the farthey pre 
targets. The sleek KC-135 is the prime tanker. A 6-jet transport-type air. y 
craft, it is a fit companion to the bombers, for it can refuel them aloy flexibi 
their flight paths and at their speeds and altitudes. It is rapidly takin hut 
over the job from the slower KC-97, which has given faithful service fo ieaeias 
more than a decade but which hampered the efficiency of the jet bomber defens 
by forcing them to drop to lower altitudes and slower speeds during refueling, aiabe 

To help the B-52 overcome the improved air defense, to reduce loss: ion me 
in the attacking strategic force, and to add flexibility to the attack, th ela ¢ 
aerospace force is equipping the B-52G with the Hound Dog missile. This pr 
supersonic, turbojet-propelled missile that can carry a nuclear warhead vil been 
be slung under the wing of the bomber and carried to the desired re hir For 
lease area, which may be outside or inside the perimeter defenses of the aes 
enemy. Upon release Hound Dog can speed ahead another 600 miles to the liq 
its target. Its self-contained inertial guidance system can direct it to the Atlas is 
target or it can be diverted to another target in flight. With two of thee oon 
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missiles slung under its wings in addition to its internal bomb load, the 
B-52 on one mission can destroy several targets great distances apart, 
can use the missiles to blast a path through enemy defenses in advance of 
the bomber, or can send the missile in at supersonic speed to attack heavily 
defended targets. 

While the manned bomber continues to offer advantages in accuracy, 
flexibility, and the extension of human judgment to the battlefield, the 
formidable intercontinental ballistic missile offers an attack weapon of 
tremendous speed and is at present a weapon against which there is no 
defense. Atlas, the ICBM now operational, has two booster engines and a 
sustainer engine that lift the big rocket off the ground and arc it 
into its ballistic trajectory at approximately 18,000 miles per hour, at which 
point the nose cone containing the nuclear warhead separates from the main 
rocket and continues passage through the predetermined trajectory to targets 
of intercontinental range. Since its first operational firing from Vandenberg 
Air Force Base in September 1959, the liquid-fueled Atlas has been speedily 
integrated into the strategic operational force. To be joined in 1961 by 
the liquid-fueled Titan and in 1962 by the solid-fueled Minuteman, the 
Atlas is the first weapon system in the strategic missile force that is planned 
as a principal striking component of the strategic offensive force during 
the coming years. 
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The continued integration of manned and unmanned systems is esse; 
tial in maintaining the operational effectiveness of the deterrent offensiy 
force. Each type of system makes a contribution in terms of weapon deliver 
as well as in the essential support functions of intelligence and comman( 
control and in providing effective sustaining power. For example, manne 
delivery systems provide a visible deterrent that can be exercised to shoy 
national intent and purpose. The security of this force can be realized, wit 
or without warning, by ground-alert or air-alert posture. It is a force tha 
makes use of man’s judgment, which provides flexibility and reliability a 
vantages not otherwise attainable. Perhaps most important, the manne 
aircraft delivery systems provide the hard core of residual fighting force tha 
can be recovered and recycled throughout the duration and successful en¢ 
ing of hostilities. 

Missile delivery systems have their own inherent military advantage 
such as the dramatic reduction in time from launch to warhead on targe 
and their relative invulnerability to the enemy defenses. The ballistic miss 
compounds the enemy’s targeting problem, since our force will be dispersed 
hardened, quick-reacting, and mobile. Finally, current missile delivery vehi 
cles have high growth potential, from the standpoints of increasing payloai 
capabilities and flexibility to incorporate decoys, multiple warheads, an 
maneuverable re-entry vehicles for penetration purposes. With continue 
improvement of the programed missile systems, they can be expected to main 
tain their effectiveness through the foreseeable future. 


the concept of operations 


A basic consideration in developing the operational concept for the 
deterrent offensive force in the ballistic missile era is the dramatic compression 
of time. Here the ability to employ the forces effectively is determined to: 
large extent by the availability and relationship of warning, both strategi 
and tactical, the timeliness of decision, and the posture and reaction capi 
bility of the force. The operational concept and the posture of the for 
must therefore compensate for any deficiencies that may exist within thes 
parameters. 

One third of the strategic bomber force is presently maintained 0 
ground alert. These aircraft are in full combat configuration with crews 
standing by available for immediate take-off. An alert area has been & 
tablished near the end of the launch runway on each base to reduce thi 
reaction time to a minimum. The alert area is composed of a parking 
apron for both bomber and tanker aircraft, complete with maintenance and 
flying-crew facilities for the alert personnel on duty. It is surrounded by 3 
security fence, constantly guarded by trained security personnel. During 
periods of tension the entire manned force can be generated to full cm 
bat configuration in a short period of time, ready to respond as the specil: 
ic situation may dictate. 

The effectiveness of ground alert is further enhanced on a day-to-da) 
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basis through “positive control” procedures and “reflex” operations. Positive 
control: procedure provides the capability to launch the manned force on 
receipt of warning that an enemy attack is imminent. Reflex methods pro- 
vide combat-configured aircraft on alert in overseas areas. Under reflex, 
designated medium-bomber and tanker units maintain aircraft on alert 
satus in the forward areas, both on the North American continent and at 
overseas bases. Crews and aircraft are rotated at periodic intervals and remain 
at the forward bases for a temporary period. On arrival the aircraft are imme- 
diately placed in combat configuration, allowing for the return of a like 
number of crews and aircraft to their permanent bases. The aircraft deploy 
and redeploy between their temporary and home stations nonstop, refueling 
air-to-air as required. Additional training requirements are accomplished 
during these flights to ensure that the crews remain at peak proficiency in 
all phases of operations. Most of this training closely resembles actual com- 
bat responsibilities. 

The reflex operation contributes to the deterrent offensive capability 
by providing further dispersal of the force and quick reaction time to attack 
high-priority targets without the need for tanker refueling support. In addi- 
tion these forces do much to solidify the Nation’s various commitments 
around the globe. The price of this operation is not high, since only a 
mall operations and maintenance task force is required at the forward bases 
0 maintain the reflex forces on alert. All major maintenance and periodic 
ispections are accomplished at the permanent home station. 

The positive control concept was developed in recognition of the fact 
that a national decision to launch a strategic attack will always require an 
unknown but finite amount of time and that tactical warning of impending 
attack may not be absolute, particularly in the near future. It must be 
rmembered that only the President of the United States can authorize 
penditure of nuclear weapons; therefore he is the only person that can 
execute the force. To ensure survivability of the manned force, the positive 
control concept authorizes the commander of the deterrent offensive force 
tolaunch manned aircraft whenever in his judgment survivability of the force 
om the ground is questionable, or whenever the current situation so dictates. 
Typical examples of indications that could lead to launch of the force under 
positive control include large numbers of unidentified objects on early- 
warning radar screens, or a sudden rash of incidents that could indi- 
‘ate widespread sabotage against military installations. 

When launched, the positive control aircraft proceed on course toward 
wsigned targets. These aircraft do not fly beyond the positive control line 
unless the execution order, through the Joint Chiefs of Staff, has been 
ceived and verified. The positive control line is located far outside the 
dar early-warning line of the enemy. If the execution order—the “Go- 
Code”—is not received prior to arrival at the positive control line, the air- 
maft return to their home bases; in other words, they “fail-safe.” The use 
of this procedure eliminates any possibility of inadvertently executing the 
force prior to national decision. 

On launch of the alert force under positive control, each base prepares 
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the remaining aircraft for strike. In case the initially launched aircj 
should begin to fail-safe, follow-on ground-alert aircraft are in combat 


figuration, ready to launch, so that the total size of the alert force is ney 


degraded. These follow-on aircraft preclude the possibility of the enen 
feinting the alert force out of position. 

The effectiveness of the ground-alert posture and the positive cont 
procedure is a direct function of the timeliness and reliability of warnin 


Without tactical warning the manned bomber force is vulnerable on th 
ground, Today warning against a manned bomber attack can be anticipate 
to be somewhere between 15 minutes and 3 hours. This warning is receive 


through a number of contiguous radar establishments, such as the Dew Lin 


the Mid-Canada Line, the Pinetree Line, picket ships off both coasts, an/ 
airborne early-warning aircraft. The warning systems against manned bomba 
attack are considered highly effective; they will provide the necessary time {0 


the ground-alert forces to react. 

With the buildup in enemy ballistic missile capabilities, warning agains 
the new mode of attack becomes essential, directly influencing the effective 
ness of the present ground-alert concept. Two ballistic missile warning 5) 
tems are currently programed. The first, already partially operational, is th 
Ballistic Missile Early Warning System (BMEws). This system will consis 
of missile-detection radars located in Greenland, Alaska, and the Unite 
Kingdom. These radars look northward to the area from which a miss 
attack would be anticipated and will give approximately 15 minutes’ wari 
ing as enemy missiles pass through their radar beams. As it employs radar, the 
system will be subject to atmospheric interference, jamming, and deceptio 
and by itself cannot be completely relied upon for warning. The seconi 
warning system, which will complement BMEws, is the missile defense alam 
satellite (Midas). Until the BMews and Midas warning networks are cot 
pleted and while the missile threat exists, it may become necessary to convetl 
to an air-alert posture, to ensure maximum survivability for a_ portion 0 
the force. 

The air-alert concept provides a force of combat-configured aircraft al 
borne at all times, capable of destroying selected enemy targets 24 hours: 
day, 365 days of the year. These aircraft will be effective in the deterret! 
offensive regardless of surprise attack or any other action that the eném) 
might take. The air-alert concept is the essence of simplicity. 

Feasibility of the airborne-alert operation has been proved by experient! 
of thousands of sorties. Air alert can be maintained with up to 25 per ctl 
of the force continuously airborne, depending upon the logistics base & 
tablished. These flying rates are achieved through a firm maintenance sche 
ule, through operating the aircraft in a standard configuration, and throug! 
the consolidation of personnel to provide both mass launch and mass recové! 
of aircraft. The current manning authorizations for the ground-alert postu 
provide a capability to keep one eighth of the B-52 force on airborne alét 
At this level, flying hours are increased by a factor of 3. The achievemel! 
of a higher airborne-alert level is dependent on additional logistic supp" 
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and some increase in combat crews and maintenance personnel. The air- 
borne-alert operation is not meant to be a permanent way of life but is de- 
signed for maximum security of the bomber force until we possess  sys- 
tems for timely and reliable warning against a missile attack. During this 
period of the “warning gap” the airborne-alert operation will make a vital 
contribution to the deterrent posture of the offensive strike force. 

Passive measures to secure the manned bomber force have also been 
undertaken. One measure is the dispersal program, the basic criterion of 
which is to provide the capability to launch the alert force within a 15- 
minute warning period. A secondary consideration is to expand the enemy’s 
target system. Today dispersal of the manned force is virtually complete. 
The B-52 heavy bombers have been deployed at the ratio of one squadron 
per base, aligned with supporting KC-135 tankers. Random dispersal of the 
B47 medium bombers to other military and civilian bases throughout the 


crew 
quarters 
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The “Christmas Tree” alert configuration at a SAC base features special parking 
amps where a portion of the bomber and tanker force is maintained in readiness 
for immediate take-off. Crew quarters provide all facilities necessary for personnel 
on alert duty. Aircraft have only a short taxi distance to the active runway. 


North American continent has been tested and can be employed, as required, 
0 increase further their survivability. : 

. The Atlas 1cam, which became operational in September 1959, marks a 
milestone in the development of advanced strategic capabilities. As follow-on 
uadrons are activated and equipped, improved versions of the Atlas mis- 
ile will be produced. To the strategic force this means greater survivability 
and capabilities in the form of dispersal, hardening, reliability, reaction time, 
range, and accuracy. The later equipping of Titan and Minuteman squadrons 
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will augment these early 1cBM capabilities and mark the transition frop 
manned to unmanned systems as the backbone of the deterrent offensive fore 

The basic difference in posturing the missile force is one of empha 
and degree, the prime consideration being that all missiles on launchers at 
on constant alert with fast reaction times but that they cannot be launched 
on warning alone, as the manned bombers can. Lack of a positive contr) 
capability in missile systems means that national decision for execution j 
required prior to launch. Since the 1cBM force therefore will in all probabil 
ity have to ride out the initial attack, dispersal and hardening become th 
key elements to survivability. Mobility is a further advantage of specialized 
elements of the missile force on land, at sea, and in the air. 

The basic objective in dispersing the missile force is to make eat 
missile launch site a separate aiming point as far as the enemy is con. 
cerned, compounding his targeting problem. The early missiles being phased 
into the force, Atlas and Titan, are in a basic “3 x 3” configuration, ie, 
three missiles on launchers form a complex and there are three complexes 
per squadron. The follow-on Atlas and Titan, soon to become operational 
will be in a unitary configuration, each missile geographically separated » 
as to provide a single aiming point. This configuration is possible becaus 
each missile will have its own integral guidance system. The second-generation 
missile, the Minuteman, will enter the operational inventory in the same 
unitary configuration. 

With the missiles, increased hardening has been extended to the com 
plete weapon system in order to provide the capability to ride out an attad, 
if required. Quick reaction is fundamental to the effectiveness of the misiile 
systems, both from the standpoint of survivability and from the standpoint 
of force effectiveness in achieving minimum time to target once the execu: 
tion order is delivered. Quick reaction for the missile force has been achieved 
through basic engineering design. The initial Atlas and Titan missile com 
plexes incorporate high-pressure pump systems, radio inertial guidance, and 
silo lift. Follow-on Atlas and Titan squadrons will incorporate advanced designs 
significantly reducing silo-launch reaction time and permitting salvo launches 
The Minuteman, using solid propellants with in-silo firing, can achieve ned 
instantaneous salvo launch, and it has other operational features and flexibilit 
not obtained in earlier missile designs. To ensure maximum survival of the 
missile force when under attack, sophisticated firing tactics have been devel: 
oped, based on statistical probabilities. These optional tactics, employtt 
as the situation may dictate, will minimize exposure of the missiles to enet 
attack during the launch phase. 

The emphasis of the 1cBm force configuration on survivability will b 
further enhanced through mobility. A portion of the Minuteman fort 
will be used in the mobile configuration. Force security will be achieved 
for this portion of the force through random, deceptive movements over ti 
rail nets of the nation. In addition missile mobility is being achieved with 
the Hound Dog air-to-surface missile and the Skybolt air-launched ballistic 
missile, carried by the manned bomber force. Complementing this mobil 
portion of the strategic force will be the Fleet Ballistic Missile, Polaris. 
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force employment 


The concepts of operation which have been developed to ensure surviv- 
ability of the manned and unmanned force are fundamental and vital. The 
real payoff, however, is in the successful employment of these weapon sys- 
tems against an enemy’s targets and target systems, thereby destroying his 
warmaking capability. Here the priority objective is the destruction of the 
enemy’s nuclear delivery capability that poses a direct threat against this 
Nation and its allies. The complementary task is to destroy his war-sustaining 
capability. The capability to accomplish these tasks, with the highest possi- 
ble assurance of success and in the minimum time after hostilities start, is the 
true measure of deterrent effectiveness. 

Penetration tactics are developed after careful analysis of the enemy 
defensive environment to ensure minimum attrition of our forces and maxi- 
mum bombs or warheads on target. Enemy defensive capabilities today are 
primarily antiaircraft guns, barrage rockets, day and night all-weather 
fighter aircraft, and guided intercept rockets. For the future, improvements 
ineach of these categories can be anticipated, as well as the potential for 
incorporating atomic warheads in follow-on defensive systems. It can be 
anticipated that during this decade operational anti-IcBM systems also will 
be developed, calling for further improvements in the penetration capabilities 
of unmanned systems. 

The specific penetration tactics employed at any point in time are 
designed to exploit weaknesses in the enemy defensive posture. Here applica- 
tion of the principle of mass is fundamental, to saturate any defenses that 
cannot otherwise be countered through deception and surprise. Penetration 
altitudes may vary from the extreme low-level and high-level flight profiles 
of the manned bomber to the ballistic trajectory of the missile through space. 
In addition, the air-launched missiles also attack through this spectrum of 
altitude, from low level through ballistic trajectories. Area defenses are 
further degraded through the use of electronic countermeasures—chaff and 
decoys—and high-speed penetration, all integrated and mutually supporting 
in the penetration plan. Also the manned bombers can employ their own 
defensive armament, including weapons and infrared countermeasures. Final- 
, and most important, direct attack on selected elements of the defensive 
ystems themselves will always be an essential requirement of the attack. 

Today the deterrent offensive task is accomplished primarily by the 
manned bomber. As the missile force increases there will be a continual 
ansition in over-all tactics and targeting. Missiles will be employed pri- 
marily against targets where timeliness of attack is essential, while the 
manned aircraft, exploiting operational flexibility, will be employed against 
largets that are ill defined, of uncertain location, superhard, or mobile. 
When missiles have entered the force in quantity, the wartime capability for 
‘med reconnaissance by manned aircraft will become increasingly important 
in seeking out the targets of unknown location and in attacking the targets 
not destroyed by missiles. The damage-assessment capability of manned recon- 
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naissance will also play a vital role in determining the employment of residy 


and recoverable forces for their follow-on strikes. 


maintaining effectiveness of the deterrent offensive 


The operational war plans and the specific tactics to be employed j 
the execution of these plans are constantly being evaluated, modified, a 
validated. ‘The unique capabilities of each weapon system are exploited, wi 
the objective of improving total force effectiveness. 

The manned bomber force has achieved high in-commission rat 
navigation and bombing accuracy, and refueling proficiency through yea 
of continuous training. Reliability of the bomber alert force is near || 
per cent; radar navigation techniques eliminate errors in position; bombin; 
accuracy is measured in feet. These are proven capabilities. As improvement 
are made in enemy defenses, the manned bomber force is also being improv 
to ensure offensive effectiveness for the future. Air-to-surface missiles, sup: 
sonic speeds, and other tools for the offense are programed. ‘The B-70 bomb 
which will fly at three times the speed of sound and at altitudes in excess 
70,000 feet, could very well be followed by a manned spacecraft with orbit 
range. The potential of these future systems is being investigated throw 
active research and development of such programs as the X-15, Mercun 
and Dyna-Soar. 

The ballistic missile, a new weapon system using a unique medium 
attack, has undeniable penetration capability today. It may be safel) 
sumed that the enemy will make a defensive effort against it, there 
creating the requirement for improving missile penetration tactics. Th 
program is under way and is directed towards the development and emplo- 
ment of devices and tactics that will render defenses against the ballistic mi 
sile ineffective. The means could include saturation and deception of dete 
tion and tracking radars, by use of decoys as part of the missile payload. 

Since the 1cBM is projected to constitute the major weapon. system | 
the deterrent offensive force, it becomes essential that its capabilities gi 
the same high degree of confidence now placed in the manned bomber fot 
This means that survivability, reliability, and offensive effectiveness must 
stressed and realized in the development of the 1csm force. Most importall 
is the realization of close accuracies and adequate warhead yields, in vit 
of the priority task of destroying the enemy nuclear delivery capabilit 
The design and development trend of our early production missiles $16 
every reason to believe that these capabilities will become an integral pé! 
of the operational missile force in the near future. 

Essential to the effectiveness of the deterrent offensive force are the s4 
porting elements of intelligence, warning, and command-control syste 
These systems are in effect today, but they must be improved for the futu" 
Again, programs are being pursued to ensure that these capabilities keep 
with the increasing threat and that they are integrated, on a timely basis, ¥!" 


the advanced weapon-delivery systems. 
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For the long term, the decisiveness of the deterrent offensive force will 
and coordination of 
the total strategic capabilities of U.S. forces in-being. The rapidly advancing 
rate of U.S. 


bilities needed for the 


be maintained through the exploitation, integration, 


technology 


future. The operational concept for the employment 


will provide the new weapon systems and Capa- 


of these weapons will continue to be directed to the essential national task 
of maintaining the ability to destroy the nuclear threat that faces the Na- 
tion. This capability for decisiveness in battle, in-being and recognized, will 
remain the yardstick of effectiveness in measuring the national policy of 


deterrence. 


Headquarters Strategic Air Command 











Tactical Aerospace Forces 


MAJor GENERAL STANLEY J. DONOVAN 


ECAUSE of their usefulness in general war, in lesser conflicts, and in 
the present cold-war environment, tactical air forces will continue 1 

play an important part in our military planning. Our purpose here is 
examine the capabilities of these forces in the three major mission area 
and to forecast some of the major advancements in tactical air weapon ss 
tems we can expect during the next ten years. 

The term “tactical air forces” often proves confusing even in militan 
circles. Whereas strategic aerospace forces destroy deep military targets ané 
the enemy’s warmaking and industrial capacity, tactical air forces are primar 
ily designed to operate at shorter range against deployed military force 
More specifically, their objective is to defend geographical areas essential 
to U.S. policy. Strategic and tactical forces are complementary. 

The tactical aircraft of World War II, in contrast to their strategic 
counterparts, were short-ranged, limited in firepower, and highly maneuver 
able. In the years since, the range of tactical aircraft has increased tenfold 
with aerial refueling, and their firepower a thousandfold with small nuclear 
weapons. Now, in addition to their functions in the air-land battle, the 
can also conduct nuclear strikes against all types of targets. 

At present U.S. tactical air forces are organized in three commands-tht 
U.S.-based Tactical Air Command and two overseas commands, United 
States Air Forces ir. Europe (USAFE) and Pacific Air Forces (PACAF). Each 
bears major responsibilities in both general and limited war. 


general-war functions 


The strategic aerospace forces have become this Nation’s primal 
general-war force. It is imperative that these and other general-war forcts 
be conditioned to survive surprise attack, with enough strength remaining 
destroy the enemy’s military force. The capability to survive, counterstrike 
and prevail will in turn guarantee us the most credible deterrence we Gil 
purchase; in fact, one literally depends on the other. 

The trend today is toward missiles to perform those well-defined general: 
war tasks which can be preplanned in detail. Missiles inherently are designed 
to live through surprise attack and penetrate to the target in spite of an 
enemy’s defensive measures. Hence they lend reliability to our counterstrike 
effort. On the other hand there are many tasks which missiles cannot accot 
plish. They would be less effective against poorly identified fixed targets, fixed 
targets requiring a high degree of accuracy, or any moving target. Invariabl\ 
the aircraft with an experienced pilot is the better solution when onthe 
spot judgment is required. 
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An inventory of United States nuclear forces which can be immediately 
brought to bear in a general war would include not only strategic missiles 
and bombers but also Air Force tactical bombers, tactical fighters, and cruise 
missiles based in the European and Pacific theaters. These overseas air 
forces are also a vital element in our over-all deterrent posture. The primary 
general-war mission assigned them is a counterforce counterattack upon 
known fixed installations. They would be expected to destroy those aero- 
space forces which menace their respective theaters. Their targets would 
be sites, airfields, military control centers, and other objectives of immedi- 
ate concern to Allied land forces within the combat radius of the tactical 
aircraft. 

A percentage of the overseas combat crews are kept on alert, fully 
briefed and their aircraft armed in anticipation of even a few minutes’ 
warning of enemy attack. As a safeguard, they could be launched on tenta- 
tive evidence of imminent attack and held in the air under positive control 
until the order to strike is received. Depending on their mission profile, most 
tactical strike aircraft can hold for 15 to 20 minutes over their home base and 
sill have enough fuel to accomplish their mission. Several squadrons of 
Mace cruise missiles are also maintained overseas. Designed to strike heavily 
defended targets in bad weather or darkness, the Mace can penetrate at a 
low enough altitude to avoid most of the enemy’s air defenses. Some think 
itwould be the first vehicle to strike enemy soil in an all-out war. 

With a few hours’ advance warning, theater air forces can be dispersed 
to preselected and prestocked secondary bases for additional protection. 
Dispersed operating bases are normally far enough apart to require the 
enemy to commit at least one nuclear sortie against each of them. This in 
turn increases significantly the effort he must expend to destroy all theater 
strike forces before they can become airborne. 

The location of theater air forces around the periphery of the Sino- 
Soviet land mass thus further complicates any plans the Communists might 
have for launching a surprise attack. Admittedly dispersal in itself does not 
make the Soviets’ problem insoluble. What it does, however, is demand 
more comprehensive preparations on their part, which may afford us some 
strategic warning. Certainly any indication of impending attack would be of 
the utmost value in alerting our own forces. Theater-based tactical air forces 
also give assurance to our allies that we are ready to assist them with every 
means at our disposal. While most of our allies fully appreciate the value 
of strategic forces based in the United States, a portion of our military 
strength stationed in their own geographical area announces very clearly 
that the U.S. considers those areas fundamerital to its national security. To 
this extent they prevent or at least discourage piecemeal seizure. One can 
‘umise that the Communist forces might not have attacked Korea if U.S. 
lactical fighters and troops had been physically located in that country. 

There is every reason to believe that the requirement for theater air 
forces will prevail throughout the 1960’s. But as the Soviet missile threat 
increases, a portion of these forces should be re-equipped with a lightweight 
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tactical ballistic missile, which, through mobility or hardening, can | 
conditioned to survive in a general war. Some of the characteristics of 
missile will be enumerated later. Theater air forces are also charged vit 


counterair, interdiction, close support of ground forces, and reconnaissan 


in both general war and low-intensity conflicts. Since most of these operation 


are not now within the province of a missile, they must be accomplished 


by manned aircraft. Theater air forces therefore should retain both ai 


craft and missiles to provide combat effectiveness in a variety of situation 


The remainder of U.S. tactical air forces are held in the United State 


as reinforcements for the theaters. To prepare for that mission, U.S.-bas 
tactical units are periodically deployed overseas on practice exercises. Whi 
in the overseas theater, crews are placed on alert and are required to { 
several combat sorties simulating their wartime tasks. 

To be of real value in a general war with no advance warning, the 
forces must first escape the consequences of the enemy’s initial attad 


deploy to the theater, and on arrival operate from partially damaged ai 


bases or from secondary airfields. If adequate facilities, fuel, and ordnane¢ 
are available, these reinforcement aircraft can have a significant effect on tl 


outcome by helping to destroy what is left of the enemy’s nuclear strike 
forces. In a general war other U.S.-based fighter units would also supplemen: 


the continental aerospace defense forces, and_ tactical reconnaissance anc 
troop-carrier units would perform important jobs, such as bomb damagt 
assessment and airlift missions in support of Western Hemisphere defens 


Operationally ready reserve forces in the United States are also heavil 
committed in general-war planning. The numerous Air Reserve and Al 
National Guard tactical fighter, reconnaissance, and troop-carrier units rep 
resent a ready reserve of air power which would figure prominently in the 
follow-on phases of a general war or in a protracted small war. These reset 
components are well trained, adequately equipped, and maintained at a hig! 
state of operational readiness. 


limited-war functions 


Limited war is usually defined as active military conflict in which ont 
or both sides commit less than their total military capability and in whic 
national survival is not immediately at stake. To an even greater extetl! 
than in general war, political considerations and restraints dominate th 
conditions under which it is fought. 

The value of military forces in conflicts less than general war depen 
largely on their flexibility and versatility, for they must be constantly read\ 
to meet an almost infinite number of contingencies at unpredictable a 
widely scattered points around the world. These military tasks can rant 
from friendly show-of-the-flag deployments, through determined displays © 
force, to actual combat with either high explosives or nuclear weapons. The 
usefulness of the forces can be measured to a great extent by their adap! 
bility to strange environments and to the political restraints which may b 
applicable to any given action. 





A 
A-bom 
strateg 
a maj 
fighter 

T 
tions 1 
War I 
battle 
were ( 

B 
genera 
tively 
groun 
chippi 

T 
becam 
At pri 
differe 
Most 
cannot 
and u 
contril 
equipy 

Ye 
to mee 
forces 
our ge 
tion is 
gencie: 
Suppo! 
from t 
fuel, a 
on the 

Su 
Strike 
suppor 
comba 
streng' 
fighter 

E 
in by , 
Carries 
under 
kits so 
based 
the ut 


ing, can 
‘istics of th 
charged wit 
connaissan¢ 
€ OPETation 
iccomplishe! 
in both ai 
rf situation 


Inited State 
1, U.S.-based 
rcises. Whil 
uired to fi 


rning, thes 
itial attack 
lamaged i 
id ordnance 
ffect on thi 
iclear strike 
supplemen: 
issance ant 
mb damag: 
ere defens 


also heavil 
ve and Air 
r units rep: 
ntly in the 
hese reserve 
d at a high 


which ont 
d in whic 
ater exten! 
minate tht 


ar depends 
antly read! 
ctable anc 
can range 
displays of 
ypons. The 
eir adapt 
ch may b& 





TACTICAL AEROSPACE FORCES 77 


After World War II, with the U.S. having a virtual monopoly on the 
A-bomb as well as the means to deliver it at intercontinental range, our 
strategic aerospace forces were considered an effective deterrent not only to 
amajor war but to lesser conflicts as well. ‘The requirement for the tactical 
fighter with its high-explosive ordnance had rapidly diminished. 

Then, in 1950, the Korean War erupted, and except for certain restric- 
tions it was fought under conditions not unlike the air-land battles of World 
War II, except that enemy aircraft were virtually nonexistent in the land 
battle area. Air superiority fighters, tactical fighters, and tactical bombers 
were once again very much in demand. 

By the close of the Korean War it was apparent that conflicts less than 
general war were quite possible and that forces which could respond effec- 
tively to such wars were necessary. We could not afford to give additional 
sound to the Communists by enduring a series of small thrusts slowly 
chipping away at the perimeter of Free World defense. 

To help counter the threat of piecemeal aggression, the United States 
became a partner in a series of mutual-defense pacts throughout the world. 
At present we are committed to provide military assistance to some 40 
diferent Free World nations if they become a target of military aggression. 
Most of these allies maintain relatively large ground forces. Because they 
cannot produce or support their own air power, their air forces are small 
and usually confined to an air defense mission. Hence the most valuable 
contribution we can make to their security is an air force, trained and 
equipped for the full spectrum of tactical air operations. 

Yet we cannot afford to station tactical air units all over the world 
to meet small-war commitments. Nor can we rely completely on general-war 
forces stationed in Europe or in the Far East. It would be unwise to weaken 
our general-war deterrence during a limited-war emergency. The best solu- 
tion is to retain in the United States sufficient tactical air forces for contin- 
gencies less than general war. With the aid of aerial refueling a small, self- 
supporting force of tactical aircraft can be deployed in a matter of hours 
from this country to almost any place in the world where adequate runways, 
luel, and ordnance are available. A relatively small but effective army force, 
on the order of a battle group, can be air-transported with it. 

Such a highly mobile air force exists today. Called the Composite Air 
Strike Force (casF), it is made up of certain predesignated combat and 
support squadrons which are kept in constant readiness for small-war 
combat. While the basic CAsF organization mounts roughly 140 aircraft, its 
strength can be altered to fit the occasion. «Included are not only tactical 
fighters but also reconnaissance, transport, and tanker elements. 

Except for fuel, ordnance, and other expendables prepositioned or moved 
in by the appropriate theater transportation, the Composite Air Strike Force 
aries with it enough supplies and equipment to operate for 30 days 
under normal combat conditions. All these support items are kept in mobility 
kits so that they can be quickly loaded aboard transport aircraft. Each U.S.- 
based fighter squadron detailed for cask duty maintains its own kits with 
the utmost care. 
























Today’s Tactical 
Aerospace Force 


The primary mission of the tactical aerospace forces is the defeat of enemy 
action by decisive application of the versatile firepower and large radius of 
action that is characteristic of aerospace forces. For this mission, customarily 
established in cooperation with friendly ground forces, the specialized task 
of the tactical aerospace force are to control the air vital to the battle are 
and to exploit control by interdiction of communications and movement ani 
by destruction of enemy forces and their support. The tactical forces al 
augment the strategic defense of the North American continent and of the 
areas abroad into which their elements are deployed. In general war the 
will join in the strategic offensive, operating from their forward station 
around the globe to take out assigned portions of the enemy’s warmakiy 
capability. In limited war their elements already deployed in overseas thes 
ters may hold their positions, on guard against spreading war, while specially 
composed, combat-ready air task forces deploy from the United States to 
the zone of conflict in a matter of hours. 

With many diverse mission assignments, tactical aerospace forces must 
have versatile capabilities. They must be capable in both conventional and 
nuclear ordnance delivery. They must be capable of both treetop attack and 
extremely high-altitude intercept. A prime requirement is capability for all: 
weather tactical reconnaissance (which is separately reviewed in the chapter 
by General Ford). There must be tactical airlift to support the far-fluy 
deployment and the associated ground forces. There must be _ tankers to 
refuel the combat elements in their extended transits between theaters. 

The fighter aircraft form the heart of the tactical forces. All four types 
in the current force are supersonic and are equipped to handle both air de- 
fense and fighter-bomber assignments. These four tactical fighters are the 
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F-100, the F-101, the F-104, and the F-105, called the “century series” fight- 
ers because of their numerical designations. 

The F-100 Super Sabre fighter, which began coming into use in 1954, 
is the oldest in the current force. As the first U.S. fighter aircraft capable of 
supersonic speeds in level flight, the F-100 was originally intended as a 
day fighter with a fighter-bomber capability. Later models—the D and F— 
are primarily fighter-bombers, with secondary capability as interceptors. 

Now replacing some of the F-100’s is the newest of the tactical fighters, 
the F-105 Thunderchief. In keeping with the growing determination to reduce 
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the number of different aircraft in the tactical inventory, the F-105 is the 
first fighter specifically designed with the versatility necessary to accomplish 
the all-round tactical mission. It can do this more effectively than any exist: 
ing aircraft. Equipped with a special fire-control system, the Thunderchief 
can perform pinpoint bombing at any altitude from extremely low level 
to 50,000 feet. The later D model has an all-weather capability for bombing 
by night or day and through clouds. In addition to an internal bomb bay 
longer than that of the World War II heavy bomber, the B-17, the F-105 
ean sling under its wings a full complement of air-to-ground Bullpup mis 
siles. For its interceptor role it is armed with Sidewinder missiles and the 
Vulcan cannon. 

The F-101 Voodoo was originally designed as a high-speed, long-range; 
all-weather interceptor, still its primary function in the tactical forces, which 
have deployed it overseas for that purpose. The later C model, strengthened 
structurally for additional duties as a fighter-bomber, has been in squadro 
service with tactical forces since 1957. It has a longer range and increased 
navigation capability over the F-100. 

The fourth member of the tactical fighter family is the sleek, stubby: 
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B-66 
PERSON orcs seks: 6) sholeyers 700 mph 
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vinged F-104 Starfighter. With an airframe weighing only about half that of 
other century-series fighters, the F-104 was designed for maximum speed 
ad climb as a first-line interceptor. The day-fighter role is still primary, 
ithough the aircraft now has also an atomic-weapon delivery capability. 
Complementing the rounded family of tactical fighter aircraft are the 
tical surface-to-surface guided missiles and the light bombers. The two 
wface-to-surface guided missiles, the TM-61 Matador and the TM-76 Mace, 
may both be armed with nuclear warheads, both have ground mobility, and 
wth ean be launched from mobile translaunchers. The Matador has been 
teployed overseas since 1954. A subsonic, air-breathing missile, it is depend- 
ttton ground stations for guidance, but in an*improved model the guidance 
ishighly resistant to electronic countermeasures. The Mace, which is now re- 
leing the Matador, is a much-improved version with longer range and 
«lf-ontained guidance. Mace’s earlier model had a map-matching electronic 
tuidance system. The current production model features inertial guidance. 
The light bombers, although soon to be phased out of the tactical force, 
have filled an important role in the years that the fighters were being de- 
oped to all-round performance. The B-66 Destroyer, operational since 
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1956, is the newer of the two light bombers. In the 600-700-mph clas 
the B-66 can carry a large selection of weapons, including nuclear ordnance, 
It has filled well a variety of roles for the tactical forces. The older B-5/ 
Canberra, now being phased out, has been in the tactical forces since 1954. 
In both night intruder and bomber roles, it features a unique rotating bomb 
bay that can release bombs without exposing any protrusions to slow down 


: Speed. 

the aircraft. Ceiling. 

Completing the tactical offensive arsenal are the air-to-air missiles and } Unrefve 
air-to-ground missiles fired by the various aircraft. The principal reliance range 


for air-to-air combat is the GAR-8 Sidewinder. A supersonic guided missile, | Corgo c 





















the Sidewinder is the cheapest, smallest, and lightest of air-to-air missiles. 

Its passive infrared “heat seeking” guidance system causes it to home in on ; 

the hot tailpipe of the target aircraft but also limits its usefulness to clear Crew si: 
weather intercepts. For the air-to-ground role there is the GAM-83 Bullpup. 
Powered by a solid-propellant rocket motor and guided by radio-command 
signals from the launching aircraft, Bullpup delivers conventional firepower 

against ground targets and in close support of ground troops. the tai 
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the tankers and the tactical airlift. The principal tanker for the tactical 
force afe force is the KB-50J, although KC-135’s of the strategic force are also occa- 


sionally employed. Primarily used in the long overseas flights to deploy tacti- 
tal units to trouble spots around the world, the KB-50J is the oldest first-line 
tactical aircraft still in service. A converted bomber of the early post- 
war strategic force, the KB-50J now has two additional jet engines slung un- 
der the wings to supplement its four piston engines and give it the altitude 
and speed needed for refueling high-performance fighters. 

400 mp The tactical airlift force is comprised of C-123’s and C-130’s. The C-130 






= is already the principal reliance of the tactical airlift force and continues 
: 20,000 to replace the C-123. A medium assault transport, the C-130 Hercules can 






take off from a shorter runway than can any other aircraft of its size. With 
4 cargo capacity of up to 20 tons, the C-130 also has a self-contained 
auxiliary power system that enables it to operate from forward or remote 
areas, independent of ground electrical power. The C-123 Provider has operat- 
éd with the tactical forces since 1955. Also designed for forward-area op- 
"rations and short take-off, the C-123’s cargo compartment can take 60 troops 
»% a 155-mm howitzer and a truck. 
























84 AIR UNIVERSITY QUARTERLY REVIEW 


One of the most important considerations in limited-war operations js 
reaction time. A small force swiftly deployed by air is often more effective 
than a larger seaborne force moved too late to prevent armed hostilities in 
an area of tension. In the case of an internal crisis, as in Lebanon, the 
prompt arrival of our military forces, integrated with appropriate political 
actions, should be enough in itself to restore order. In countering overt ag. 
gression, as in Korea, our forces undoubtedly would be required to engage 
in active combat. Under this contingency the advance elements must be sup- 
plemented as rapidly as possible with airborne and seaborne reinforcements 
and logistical support. 

Another factor in any such operation is a detailed knowledge of con. 
ditions in the geographical area where it is to be fought. Consequently a 
continuing effort must be expended in planning and studies of routes, air- 
fields, possible targets, and the availability of logistical support throughout 
the world. Separate plans have been prepared and are periodically updated 
for each of the areas of the globe in which wars might occur. ‘To ensure 
their adequacy, the plans are frequently tested in realistic operational-readi- 
ness inspections and overseas deployment exercises. In essence this is. the 
primary function of the Tactical Air Command—to prepare and maintain 
combat-ready forces for reinforcement of overseas theaters and for casF duty. 

The presence of tactical air units in the initial stages of a small war 
can have a profound effect on the morale of local ground forces. This is espe- 
cially true in a situation in which the aggressor is advancing on the ground 
and the defender has not yet had time to organize his defense. ‘The sight and 
sound of U.S. air power, as a symbol of much greater assistance to come, 
not only would tend to bolster Allied forces but at the same time could 
have a demoralizing effect on enemy troops. In most cases tactical ait 
forces would be the first visible assistance the U.S. could offer. Quick reaction 
of our air forces can afford us a decided advantage at the outset. 

Of course the advantage of early participation by tactical air forces 
is a product of the special characteristics of the tactical aircraft—i.e., flexibility, 
mobility, visibility, and the ability to loiter and to alter flying routes to maxi: 
mize political and psychological effects. The tasks of tactical air forces in 4 
prolonged limited war would, however, resemble those of World War Il 
and Korea. Except for the increased performance of modern tactical ait 
craft and the potential of nuclear weapons, one can expect the same pattern 
of counterair, air defense, interdiction, close support, reconnaissance, and 
troop-carrier operations. 

The usefulness of surface-to-surface missiles in this type of conflict 
limited, particularly if political or military considerations prohibit the em 
ployment of atomic weapons. Under this restriction we would most likely be 
required to deliver large amounts of ordnance against targets developed from 
information gained by the pilot himself or from shifting battle conditions. 
Many of the missions in such a war will be in support of either local or oUF 
own ground forces. The very nature of close-support targets rules in favor of 
the flexible tactical fighter. 

Much has already been written on the controversial subject of employ: 
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ing atomic weapons in a limited war. Whatever the decision made by our 
political and military leaders, our tactical air forces have an important 
additional deterrent effect by their very readiness to use nuclear weapons 
against limited aggression. At the same time they provide us with a sub- 
stantial capability to fight in some instances without nuclear weapons. Be- 
cause of this flexibility we believe forces of this type still have a long and 
useful life in our military structure. 

The years since World War II have been distinguished by a protracted 
struggle between the Communist nations and the Free World. More often 
than not, fortunately, critical differences have been settled by arbitration in- 
stead of by war. Yet the United States must maintain now and well into the 
future military forces which can intervene in a variety of situations, sup- 
port our allies, and meet Communist challenges in many areas. The better 
prepared we are for meeting each eventuality and the more widely under- 
stood and appreciated our capabilities are, the less likely it is that we will have 
to actually employ those forces. 

Tactical air forces will continue to afford the Free World important 
political and psychological benefits in the cold war because of their combina- 
tion of power and versatility. They demonstrate U.S. intentions and capa- 
bilities to resist aggression and to aid beleaguered people, and this gives them 
an important role in the cold war. 


future tactical air weapons 


As mentioned earlier, there has been a demand for a medium-range 
ballistic missile (MRBM) to replace a portion of the tactical aircraft in the 
overseas theaters. To be effective in a general war under any condition of 
warning, it should have these characteristics: 

mobility by truck over secondary road networks 
amenable to hardening for areas with limited real estate 
solid or storable liquid propellants 

quick-reaction capability 

1000- to 1500-mile range 

low circular probable error 


crew of 3 to 5. 


There is every reason to believe that a missile with these characteristics 
will be well within the reach of technology during the next few years. One 
of the major complications might be in developing a positive command and 
control system to permit random dispersal and still guarantee quick reaction. 
A solution to this problem should be forthcoming during the missile’s devel- 
opment cycle. The addition of this missile to the tactical aerospace forces 
should greatly enhance deterrence against local aggression, and preliminary 
studies indicate that it can be produced and maintained at less cost than 
the manned aircraft it is to replace. At the same time it can be dispersed and 
Protected more readily than present aircraft. 
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Medium-range ballistic missile (MRBM). 


In addition to tactical missiles, versatile manned aircraft will still be 
necessary both for general- and limited-war tasks. The Republic F-105) 
Thunderchief, now entering the inventory in numbers, is the first airplane 
to be designed at the outset to accomplish all the functions of a tactical 
fighter. In the past the Air Force has attempted at some expense to specializt 
in fighters for certain assignments, such as counterair, escort, and clos 
support. The F-105 is a multipurpose vehicle that can accurately deliver both 
nuclear and nonnuclear ordnance in adverse weather, as well as perform ail 
superiority and close-support missions. It is already proving to be one o 
the best tactical fighters yet produced. 

In the next cycle of modernization, which should commence in anothet 
five years, a fighter will be required with even greater performance. By that 
time tactical air forces should have an aircraft capable of supersonic speed 
at low as well as high altitude, operations from a sod field of 3000 feet, 
and ferry range of over 3000 miles. Commonly referred to as stot for its short 
take-off and landing characteristics, this new fighter type will most probably in- 
corporate a variable-sweep wing in order to perform the many functiot 
required of it. 

The stot fighter should be most useful in any type of war. With its factory 
extended ferry range, it will be able to deploy rapidly to the overseas the® |yjima, 
ters without dependence on tanker support. Its high speed at low altitude 
should permit it to slip under most enemy radar and air defenses. Becaus 
of its short-field capability, it will operate from secondary air strips 0 
from undamaged segments of major airdromes. The stow aircraft will als 
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be able to fly to the scene of a local conflict in short order. Furthermor 
airfields that in the past could accept only the C-47 and diab aaa 
will now be available to the stot fighter too. “ 
In anticipation of the weapon restrictions which might be placed on 
limited wars, this new fighter will be able to carry the complete spectru 

of nuclear and nonnuclear ordnance. Like the F-105, it will be desi ee ana 
the Sidewinder air-to-air missile and Bullpup air-to-ground ea, . 
as other modern weapons. Of interest to the ground force eae 
should be ideally suited for close support. On a typical mission it a 
able to loiter at slow speeds in the target area for eight ee ten hour : 
dramatic gain over the fighter-bombers of the past. — 
In the same time period, we have asked that the tactical air forces be 
furnished with a new transport possessing many of the same characteristi 

as the Lockheed C-130, except for substantially increased range and pa lo . 
Such a vehicle could be used for both long-range and short-ran é airlife 
It should be the answer for Army mobility and could also ae used one 
support our mobile air striking force. After the stot, depending on te h 
nological advances in engine performance, there may be iste a mae 





Short take-off and landing (STOL) aircraft. 
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our major requirements for tactical air weapon systems during the period 
under examination. Certain conclusions seem evident: 

e This Nation must have a combination of aerospace forces which 
not only represents the most credible deterrence to general war 
but also can win if deterrence fails. 

e Tactical air forces will retain important functions in both general 
and limited war. 

e The missile will assume an increasingly important role as a theater 
weapon for preplanned general-war targets. H 

e The highly flexible, responsive, manned aircraft will still be the 


best solution for certain general-war tasks and almost every variety | “&P 


of air operation in lesser wars. arm, 
solvec 
forcec 
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e There is a need for a mobile ballistic missile for theater deployment 
and a requirement for the development of a STOL aircraft as a 


replacement for our present-day tactical fighters. 
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Aerospace Defense 


MAJor GENERAL ARTHUR C. AGAN, JR. 


ISTORICALLY the United States has always had time to mobilize and 
H train for war, to use our unexcelled industrial might to produce the 
weapons with which to win. The development of the Soviet long-range air 
arm, equipped with the atomic bomb and later with the hydrogen bomb, dis- 
solved mobilization potential as a sound basis for our military planning and 
forced us to a strategy of keeping a strong counterattack force protected by 
early warning and an active air defense system. The protection provided by 
our air defense system gave validity to our position as the bastion of democ- 
racy and comfort to our people by shielding our population and industry 
from destruction. ‘The counterforce was safe and could strike an overwhelming 
blow against any enemy that might initiate a direct attack on the United 
States or on one of its allies. 

The emergence of the intercontinental ballistic missile in Sino-Soviet 
hands has necessitated a change in our military posture. We can now be struck 
with very little warning. The warning could be so slight that our strategic 
striking forces and our air defense forces might be hit on the ground. This 
could so degrade our ability to strike the enemy forces that we would be 
unable to sustain the dominant military position we have enjoyed. 

This condition is intolerable. Our free way of life must persist. If it is to 
do so, a militarily strong United States is necessary. Aerospace power can give 
us that military strength. We have developed a strong force of strategic bomb- 
ers and are developing a strong force of strategic missiles. We have developed 
agood defense against manned bombers. We need to develop a defense against 
ballistic weapons. This defense against ballistic missiles, I believe, is our 
greatest unfilled military requirement today. Before looking at the realistic 
goals for aerospace defense, now and in the future, it is important to review 
the evolution of the current air defense system and the impact of the space 
threat on our military posture. 


defense against manned bombers 


Shortly after World War II it became apparent that this country could 
be subjected to an air attack from Russia. The Soviet Union had begun pro- 
duction of the Tu-4, a copy of our B-29. After some delay we began to deploy 
a defense against this piston-engine bomber threat. World War II radars were 
overhauled and pressed back into service. Available fighter aircraft were 
deployed near major cities. In the meantime as the U.S.S.R. developed the 
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atomic bomb, research and development began on improved radar control } “ent cor 
techniques and interceptors. commur 
Initially the radars and fighters were deployed in the most densely popu: telephor 
lated sections of the country, but as additional postwar equipment became | ch air 
available, it was deployed more extensively throughout the United States. } bis wear 
Since the range of these early radars was quite limited, it was seldom possible Abc 
for a single radar to complete the task of positioning the airborne fighter | through 
throughout the complete intercept. For this reason and to obtain more éff bomb ir 
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—_—— | |The last decade has seen a large improvement in the U.S. defense against the atr- 
breathing threat. The threat has grown from piston-engine bombers of World War 
Il type, to subsonic bombers that can launch decoys and air-to-surface missiles, to 
supersonic bombers equipped with extensive penetration aids. Defense has kept 
bace with new interceptors and armament. Today’s interceptors are equipped with | 
all-weather radar fire-control systems and extensive counter-countermeasure capa- 
bility. Interceptor armament has moved from machine guns to unguided rockets to 
guided missiles. The recent introduction of atomic warheads for the Genie unguided 
rocket and the GAR-I1 guided missile has further increased defense kill capability. 





r contro! J “ent commitment of available interceptor forces, radars were placed in direct 
communication with adjacent radars and all were tied to control centers via 
‘ly popu: telephone and teletype links. A control center was made the command post of 
- became } “ch air division commander, who exercised control and tactical direction of 
d States. | his weapons. 

possible About the time that this system had been deployed fairly extensively 
e fighter throughout the U.S., the Soviet Union successfully detonated a hydrogen 
nore ef: | bomb in 1953 and began to build a fleet of jet bomber aircraft. It was now 
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possible for an enemy to strike our homeland with immense destructive power 
A sneak attack by these bombers could cause great destruction to our county 
strike forces, our industrial strength, and our population. The seriousness ; 
this threat prompted many evaluations of possible improvements to the aj 
defense system, and research and development programs were accelerated 
initiated for early-warning systems, more sophisticated radars, ground contr 
networks, advanced all-weather interceptors, and interceptor missiles. 

The speed of the jet bomber required that potential enemy attacks ly 
detected much farther from our counterstrike bases in order to provide sufficien 
warning time for launching our counterattack and bringing the air defen 
forces to the highest state of alert. Initially radars were deployed in southen 
Canada, forming the Pinetree Line to provide earlier detection. Then ear 
warning Doppler radars were deployed across Canada at about the 5ij 
parallel, the Mid-Canada Line. Finally authorization was received to build the 
Distant Early Warning Line, which stretched from Alaska to Greenland nea 
the 70th parallel. The Dew Line, plus its sea flanks of radar aircraft and 
picket ships, provided several hours’ warning of an enemy jet bomber attack. 

While the above improvements in early warning were being implemented 
other segments of the air defense system were also being modernized and it 
some cases revolutionized. Manned interceptors acquired all-weather radar 
directed attack capability with rocket, guided-missile, and, finally, nuclear 
warhead armaments. Speed, altitude, radius of action, and terminal lethalit 
of these interceptors all increased markedly. The Nike-Ajax ground-to-ai 
guided missile Was extensively deployed around major cities, and later thi 
missile was replaced by a nuclear-warhead version called Nike-Hercules. The 
surface-to-air Bomarc missile, sAGE-guided, long-range, and with nuclear wa! 
head, was deployed in the northeastern section of the United States. The over 
all weapons deployment thus provided defense in depth. The longer-rangt 
interceptors could engage an enemy attack hundreds of miles from its intended 
targets, to disrupt the raid and attrite the attacking enemy forces. The in 
tensity of the interception could be progressively increased as the raid cam 
within the radius of additional interceptor bases. Bomarc missiles could ther 
be rapidly committed against the attacking force, and finally the Nike missilé 
could engage any survivors who reached the target area. 

The achievement of this intense, highly coordinated, and long-range com: 
mitment against large raids required a highly sophisticated and centralized 
radar surveillance and contro] system. Replacing the old manual weapot- 
control system, a semiautomatic ground environment (sAGE) system was mate 
possible by the rapid development of large digital computers and digital date 
transmission equipment. Associated with the saGE system are high-powered 
frequency-diversity radars with considerable counter-countermeasure capability 
and ground-to-air digital data links to provide automatic transmission of col 
trol information to interceptors and the Bomarc missile. SAGE is a centralized 
system, by which radar data from many radars within a geographical area a 
transmitted to a direction center, where they are combined and displayed )} 
the central sAGE computer. 
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Two of the four functions of an aerospace defense system are detection and identi- 
‘ation. For defense of the North American continent, these functions are per- 
lormed by the far-flung, interlocked radar and communications network shown here. 
{cross the northern land mass and extending out to sea is the giant radar fence, the 
Dew Line. Backing it up to the south is a second line of radar, the Mid-Canada 
Line. Within the United States there is blanket radar coverage. All this exists 
bnmarily for the detection and tracking of enemy aircraft. The second function, 
identification, is provided by the ring of air defense identification zones (ADIZ’s), 
uherein every aircraft must respond properly to the controller’s challenge and 
must match up against a flight plan already on file. Newly superimposed on this 
lefense against the air-breathing threat is the Ballistic Missile Early Warning 
System (BMEWS), which provides 15 minutes’ warning of ballistic missile attack. 
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Today’s Aerospace Defense Force 


Aerospace defense forces must defend the continental United States an 
Canada from air attack. The primary purpose of this defense is to safeguard 
the U.S. strategic aerospace force. The secondary purpose is to protect other 
important military and industrial targets on North America. Aerospace de. 
fense also contributes to the total deterrent posture by denying potential ag. 
gressors a “free ride”’ in an attack. Strong defenses ensure that a significant 
proportion of the aggressor’s strike force will be destroyed. This compound 
the problem of planning an attack, forces an attacker to commit many more 
weapons to the first strike than otherwise would be required, and helps take 
the promise out of surprise. 

Defense of the North American continent is a joint effort, comprised of 
forces from the three U.S. military services and from the Canadian services, 
But the bulk of the active defense forces continues to come from the USAR, 
These forces are the heart of the defense-in-depth strategy. Far-flung lines 
of radar that reach across the northern land, sea, and air spaces pick up an 
approaching enemy attack and provide the warning to alert both the aero. 
space defense and the aerospace offense. Even as our strategic bombers rise 
from their airfields and head out for the counterattack, the longest range 
defense interceptors will also be leaving their bases to intercept the incom: 
ing enemy bombers. As the remnants of the enemy force press farther south, 
more waves of manned and unmanned interceptors will join the interception 
and continue it all the way to the target. On the ground, long banks of com. 
puters and hundreds of thousands of miles of communication lines will work 
together to provide the defense commander with the big advantage denied 
to the offensive commander—moment-by-moment tactical knowledge of the 
progress of the gigantic three-dimensional battle. 

The present aerospace defense force is well equipped to defend against 
attack by enemy air-breathing vehicles. It, as yet, does not have defense 
against the ballistic missile, other than the warning of their approach pro- 
vided by the Ballistic Missile Early Warning System (BMEWS ). Keystone of 
defense against the air-breathing threat is the family of manned interceptors 
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armed with guided rockets. These are supplemented by the unmanned in- 
terceptor missiles. 

Of the manned interceptor force, the F-102 Delta Dagger was the work- 
horse for the past several years. It is now employed primarily overseas. Op- 
erational since mid-1956, the F-102 was the first supersonic all-weather inter- 
ceptor and was the first of the modern interceptors to be built with the 
data-link system. Data-link enables the controller on the ground to direct 
the interceptor into the general area of the enemy aircraft, after which the 
F-102’s own radar locks on the target, flies the interceptor into position, 
and fires Falcon missiles. 

The newest air defense interceptor, which has substantially replaced the 
F-102, is the F-106 Delta Dart. Also all-weather and equipped with data-link, 
the F-106 has all-round improved performance over the F-102, with greater 
speed and range, improved electronic gear, and capability for firing the 
Genie nuclear rocket and Falcon air-to-air guided missile. 

The third of the manned interceptors is the F-101B Voodoo. Originally 
built as a long-range escort fighter for the strategic forces, the F-101 has 
been converted, in the B model, into a long-range, hard-hitting interceptor. 
It is the only one of the present interceptors with a two-man crew, the 
second man acting as radar observer and fire-control-system operator. It 
carries essentially the same armament as the F-106. 

Armament for the manned interceptors embraces the Falcon and Genie 
air-to-air missiles. The Falcon is actually a family of five models, all having 
guidance systems. The GAR-1D and 3A employ versions of radar guidance; 
the GAR-2A and 4A use infrared guidance systems that home in on the hot 
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Falcon (GAR-1D, 2A, 3A, 4A, 11) 


Bomarc (IM-99) DPOSO 6h sccdewssaneoe mach 2 
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Dimensions. .length: 78—84 in 
diameter: 6.4—11 in 
span: 20 in; undis- 


Range.A model: approx. 200 mi 
B model: approx. 400 mi 
Dimensions. .length: 47 ft 4 in 


height: 10 ft 3 in closed for 
span: 18 ff 2 in 3A, 4A, 11 
Thrust...... 100,000 Ib (from 2 Thrust....about 6000 Ib; un. 
disclosed for GAR-1] 


ramjet engines) and 


50,000-Ib booster 


Genie (MB-1) 


NE c.cok secon sem supersonic 

(approx. mach 3) 
Ceiling....... above 50,000 ft 
ce es approx. 6 mi 


Dimensions... .length: 114.86 in 
diameter: 17.35in 
ere 36,000 Ib 


tailpipe of the enemy craft. These four models all carry a conventional war 
head, but the latest model, the GAR-11 Super Falcon, has the capability for 
a nuclear warhead. The MB-1 Genie is a supersonic unguided missile with 
a nuclear warhead. It relies on the larger blast area of the nuclear warhead 
to offset its lack of precision guidance. 

Complementing the manned interceptors is the IM-99 Bomarce ground: 
to-air unmanned interceptor. Also an area defense weapon, the Bomarc A 
has a range of approximately 200 miles; in the new B model a range of about 
400 miles. With a reaction time of two minutes or less, a Bomarc site ¢4 
send as many as 60 missiles aloft at about mach-3 speeds and to more than 
60,000 feet. Guided into the general target area by SAGE, Bomarc has its - 
internal target seeker that takes over and leads it to the target. Armed with 
a proximity fuze and a nuclear warhead, Bomarc does not need to score a 
direct hit to destroy an enemy aircraft. 
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mach 2 

),000 ft The SAGE system also displays tactical information to the direction center 
d 5 mi commander and his staff, to allow the most efficient utilization of weapons 
4 in : from various locations within or in the immediate vicinity of the sector. In 
gpg this manner the SAGE system provides a capability to direct simultaneously 
i te hundreds of interceptors and missiles against hundreds of targets. 

4A, 11 It was necessary to increase the extent of the contiguous radar cover with- 
lb; un- in the air defense system to ensure the early application of weapons on an 
GAR-11 attacking force. The advent of air-to-surface missiles that could be launched 


by aircraft a hundred or more miles from their target enhanced the require- 
ment for greater cover. Additional radars were deployed northward into Can- 
ada. Picket ships and ‘Texas Towers equipped with heavy radar were deployed 
of our coasts. Finally radar-equipped aircraft were employed off both coasts 
to provide low-altitude coverage. The net result of these additions was an 
esentially solid radar cover over the continental U.S., extending several hun- 
dred miles into Canada and off our coasts. 

Over-all these improvements provided us with a very effective air defense 
ystem against the manned-bomber threat. But as the system was reaching its 
inal stages of deployment, a new and seemingly revolutionary threat emerged 
inthe intercontinental ballistic missile. 


defense against new weapons 


The 1csM really had its operational birth in the German research and 
levelopment of the V-2, conducted before and during World War II. The 
ontinued development of larger rocket engines and finally the development 
f the hydrogen bomb resulted in a missile with intercontinental range and 
ipayload of megatons of destructive force. 

Although the 1cBM is not the ultimate weapon, it does have a major im- 
act on our current military planning. It allows the enemy to fly over our 
isting defenses against the manned bomber and to strike our counterattack 
prees with little warning. Even with the best conceivable warning systems— 
ind we are rapidly deploying or developing such systems—the maximum warn- 
ng now available is only 15 to 30 minutes. ‘The 1cBM is an ideal weapon for 
urprise attack and is extremely effective in the hands of a country that might 
se it to strike without warning or provocation. 

The 1csm had other major implications on our future posture, in that it 
pened a way to a whole family of space weapons. The development work on 
arge rocket boosters, on excellent precision guidance systems, and on re-entry 
thicles is the foundation on which many other research and military space 
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@ supersonic low-altitude missile (Slam) —intercontinental range at |p 
altitude 


e global-range ballistic missile (GRBM) —super IcBM with a capability; 
being fired at targets anywhere in the world 


® manned space platform—satellite with reconnaissance and _ warhea( 
delivery capability 


@ manned spacecraft—maneuverable vehicle with various offensive « 


pabilities. 


Current analyses indicate that the ballistic missiles, primarily the 1cBM an( 
the submarine-launched ballistic missile, are the most immediately severe o 
these threats and that they will exist in the enemy inventory in large number 
in the very near future. 

Research and engineering studies also indicate the first great change in 
military posture to result from space weapons will be a defense against thi 
ballistic missile. Our national policy since World War II has been defensive 
We generally did not anticipate inimical moves or developments but usual 
reacted after the antagonist had asserted himself or we recognized his deve 
opment of new capabilities. We emerged from the war in a position of grea 
strength, with “the bomb,” powerful military forces, and great industria 
mobilization potential, but we rapidly disarmed. In the meantime the Soviet 
recognizing the potency of air power and nuclear weapons, pressed the devel 
opment of both. When we realized that they were building a strategic air am, 
we started a modest program to increase the capability of the Strategic Ai 
Command and to build an air defense system. Even after we recognized tha 
the Soviets had an atomic capability and an extensive air defense system, We 
did not significantly increase our strategic and air defense programs. 

It was really the Communist aggression in Korea that caused the up 
surge in our military spending. During the Korean War the Soviets detonated 
a hydrogen bomb. Because of this achievement and our realization that the 
were going to continue pressing for world domination, our defense spendin; 
after Korea was maintained at a level well above that of the pre-Korean mil 
tary budget. This increased spending provided for extensive improvement 
in our offensive force and our air defense system. 

The deterrence concept, which came into being after the Korean War, 
was also defensive. We operated on the assumption that we could deter get 
eral war by possessing sufficient counterstrike forces to make any ene} 
uncertain that he could win the war he was starting. This had to hold tm 
even when the enemy had the advantage of the initiative and of surpris. 
The crucial problem in deterrence has always been “how much is enough? 

Deterrence is a state of mind—the opponent’s mind—and if he does 1! 
fear the effect of a decimated counterstrike he is not deterred. Even as ™ 
increase the survivability of our retaliatory forces, he can be implementilt 
measures—active and passive defense—to absorb a larger blow. 
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There are other ways by which deterrence can fail. The enemy might 
miscalculate relative capabilities and assume that he can attack with great 
success. There is a chance that a third power could initiate an exchange be- 
tween the U.S. and the U.S.S.R. by firing missiles at both. Lastly, we cannot 
completely rule out irrational or insane acts by potential enemies. 

We must face the fact that war really could break out in the next decade, 
ang we must, with new weapons, maintain a war-fighting and a war-winning 
capability. A capability to fight a war and win is the strongest kind of deter- 
rence to war and the only kind the United States can afford to rely on. If we 
get and keep a true war-winning capability, we will remain in control of our 
destiny whether the enemy is deterred or not. Aerospace defense plays a 
major role in this capability. Without an effective aerospace defense system, 
winning is impossible. 


military goals of aerospace defense 


We must have the capability to destroy the enemy military forces during 
and after his initial attack. We must have a capability to destroy his industrial 
facilities if such action should be required. We must also ensure that the U.S. 
and its military forces survive as nearly intact as possible. The first goal, the 
counterforce capability, has received, I believe, insufficient attention in the 
past few years. There will undoubtedly be considerable enemy strength in 
forces not employed in the first attack. These forces, which could include 
bombers and missiles held in reserve or aborted first-strike tactical weapons, 
must be attacked and destroyed on the ground or after launch, to prevent 
their later employment. 

The military posture required to achieve these goals would include 
several elements: 


¢ A powerful, protected strategic offensive force to carry out attacks 
on the enemy’s remaining forces. 


¢ An effective aerospace defense system to provide warning of an ene- 
my attack and then to destroy enemy attackers and limit damage 
to our offensive forces, our population, and our industry. 

* Those tactical forces necessary to provide support for efforts to deny 
enemy access to Allied territory. 

Initially protection of those offensive forces which cannot be flushed on 
‘aly-warning information will have to be achieved by passive defense meas- 
ures and concealment. These approaches—dispersal, hardening, and conceal- 
ment—have deficiencies, but we have no other choice until we have an effec- 
tive defense against the ballistic missile. If the enemy strikes first, these 
‘oncepts allow him to deliver his first attack on his preselected targets. We 
must be sure that sufficient forces will survive to counterattack and win. 

Our goal should be to ward off the first attack—to destroy or deflect the 
nultimegaton warheads. This objective can only be accomplished by an 
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effective active defense system. Its achievement is absolutely essential if w 
are to be able to take counterforce action against his forces. 

Protection of our population and industry should be accomplished by 
both passive and active defense measures. Passive defense measures—shelter, 
evacuation, and other means—will offer some protection for our population, 
Again we must depend primarily on active defense to provide protection t 
our cities and make them less vulnerable to enemy attack. 

The appreciation for the necessity and the extreme importance of active 
defense against the 1cBM got little action as people began to learn how diff 
cult the problem was and to question the feasibility of its solution. The fac 
that ballistic missile defense is difficult has no bearing on the necessity for 
obtaining this capability. We must develop a ballistic missile defense. One of 
the most urgent tasks facing us today, in our efforts at deterring war, or sur 
viving and winning if war should break out, is the development and deploy 
ment of an effective defense system—combined of course with superior coun 
terattack capability. If the enemy develops such a system before we do, the 
possibility of general war increases markedly, and our chance of winning sud 
a war is endangered. The aggressor can become provocative and _ increas 
cold-war activities with little fear that we would fight. Our choice, [ believe, 
is obvious: we have to obtain ballistic missile defense just as rapidly as our 
scientific and military talent will allow. 

In the meantime we cannot let down our guard against the manned: 
bomber threat or extensions of it. Our existing defenses should be main 
tained and modernized to provide defense capability against new air-supportet 
offensive weapons such as the Slam and the B-70 type of bomber. We mus 
also rapidly develop the capability to inspect other space vehicles, satellite 
and glide rockets, which could become a threat. We have a chance of staying 
abreast of the threat of these vehicles instead of lagging as in the case of the 
icbM. We are making progress in this regard, and certain aerospace defens¢ 
systems are well along in the development-deployment cycle. 


defense against future weapons 


New space weapons do not change the basic concepts of defense. We must 
still detect, identify, intercept, and destroy. ‘These four basic functions entail 
obtaining the earliest possible warning of attacking forces, accompanied neces 
sarily by the decision that the detected forces are indeed hostile. Defens 
weapons must then be committed to destroy the hostile force as far from it 
target as possible. This engagement must take place as soon as possible and 
must continue with increasing intensity until the attacking force is disrupted 
or destroyed. 

The detection and identification of an 1cBM attack will be initially accom 
plished by the Ballistic Missile Early Warning System (BMEws) . This system 
which consists of three large radar sites located in Alaska, Greenland, and thé 
United Kingdom, will provide Allied counterstrike forces an average of 1) 
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The total time of flight from launch to warhead delivery has decreased by more 
than an order of magnitude in a decade. The implication of this time compression 
on the defense system is greater automaticity of decision and reaction procedures. 


minutes’ warning of an icBM attack. The Greenland site became operational 
on 1 October 1960. 

Detection of global-range ballistic missiles (GRBM’s) , which can be fired at 
the U.S. over the Southern Hemisphere, as well as backup on detection of 
cBM’s, is expected to be provided by the missile defense alarm satellite 
(Midas). A system of these satellite detectors, when deployed, is expected to 
warn of an IcBM attack approximately 4 to 15 minutes in advance of BMEWS. 

A space warning and control system (swacs) is being placed into operation 
and is planned, when completed, to provide detection, tracking, and iden- 
ification of all orbital vehicles. Since satellites may stay in orbit for years, 
they will be repeatedly passing through the beams of the swacs sensors. Hence 
the ephemerides of these vehicles must be established, be catalogued for future 
reference, and be updated as required. As an object passes through the sur- 
veillance area of a swacs sensor, it is detected and tracked and its ephemeris 
‘orrelated with the ephemerides of objects already in the catalogue. If the new 
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trajectory cannot be correlated with any old trajectory, the new object's ephen 
eris will be catalogued and updated with subsequent tracking data. 

The swacs system will also serve as the surveillance and control portion o/ 
a satellite inspection system (SAINT) . Satellite inspection will be required 
determine whether an object in orbit is a threat to the U.S., since this deternj. 
nation will not always be possible from the ground and a serious threat could 
develop quite rapidly. 

Currently the most difficult task in aerospace defense is the interception 
and destruction of 1cBM’s. Three types of defense against ballistic missiles are 
being studied—the terminal, the mid-course, and the boost-intercept. 

The terminal system is designed to intercept the IcBM nose cone during it 
re-entry into the atmosphere to strike a target. This is a local defense system, 
consisting of large radars and a very-high-velocity missile deployed in cos 
proximity to the target being defended. The mid-course system is essentially an 
extended-range terminal system with a capability of intercepting the IcBM nos 
cone well back up its trajectory. Both these systems must be capable of detecting 
the nose cone from among a mass of objects that could include missile tank 
fragments and a whole group of decoys designed to simulate various cha: 
acteristics of the nose cone—a most difficult problem and as yet unsolved. 

The boost-intercept system would intercept the enemy IcBM during it 
boost phase while its propelling fuel is still burning and it thus is most vulner- 
able. Nonnuclear kill techniques could destroy enemy missiles during thi 
phase of their flight because a slight disruption to their structure would caus 
them to explode or take an erratic path. Interceptors would strike soon after 
the target missiles have left their launch pads. This latter system has the 
advantages of an area defense in that it destroys the enemy force the farthes 
possible distance from the United States and its allies. In that case we do not 
have to decide which points to defend and which to leave exposed; our strike 
force, our industry, and our population are all defended. 

Research and development on all these techniques must be accelerated 
Never before in our history have we had such a pressing requirement for the 
development of a weapon. Other elements of the aerospace defense system 
will evolve as new space threats become feasible. Since it will not be possiblé 
to build and deploy defense systems against all possible potential threats, we 
must hedge against these threats by maintaining a vigorous research ani 
development program in aerospace defense techniques. 


. . . vill 
To BE effective against a determined enemy, aerospace weapon systems Wl! 
have to exhibit certain characteristics to the maximum degree: 


@ Readiness. Every element of the system—detection, identification, dec: 
sion processes, and interception—must be geared to react with sufficient spetd 
to engage and destroy hostile forces before they reach their target. . 

© Reliability. Effectiveness and cost are inextricably associated with tt! 
ability. Reliability becomes even more important as defense systems are adapt 
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to the future aerospace threat, since the price of failure will be higher and the 
costs of these systems much greater. 

e Effectiveness. The defense system must be capable of carrying out the 
destruction or neutralization of enemy forces in the face of degrading influences 
created by the enemy—decoys, countermeasures, and feints—or those which exist 
in aerospace, such as radiation belts, meteorites, or other phenomena. 

¢ Invulnerability. The aerospace defense system must possess the inherent 
capability to survive any enemy attack directed against the defense system and 
be adaptable to measures aimed at decreasing its vulnerability. 


The planners and developers of the aerospace defense system must strive 
to stay abreast of the threat with operational weapons that will counter any 
enemy attack. We must design a defense against every offensive weapon we can 
foresee. We must build a defense against every offensive weapon we find the 
enemy building, and devise a defense against every offensive weapon we know 
to be possible. We must not be caught unprepared. The price of obsolescence 
has become intolerable in this aerospace age. We can and must meet this chal- 
lenge with vigorous research, planning, and ready weapons. 


Headquarters Air Defense Command 











Strategic Airlift 


LIEUTENANT GENERAL WILLIAM H. ‘TUNNER 


N THE early evening of 3 November 1959 a giant C-133 Cargomas: 
I slanted down from its cruising altitude in the substratosphere toward i: 
concrete runways of Francis E. Warren Air Force Base, Wyoming. In i 
cavernous cargo fuselage, gently cradled, lay the product of thousands; 
minds and hands—an Atlas intercontinental ballistic missile. Destination: « 
operational launching pit of the Strategic Air Command. 

The event was the first portent of the decade ahead. But it was perhy 
the most significant—a working blend of man, machine, and missile into tl 
operational forces of the aerospace age. Behind the Cargomaster’s aircrew |: 
the experience of nearly two decades of strategic airlift around the world. | 
the four-engine turboprop C-133 was captured the best propulsion and aer 
dynamic know-how of American industry in the production of very hea 
cargo aircraft. The Atlas, embryonic first citizen of the missile era, was: 
symbol and a promise of more awesome power still to come. 


Roles and Missions: The Strategic Concept 


As the United States Air Force crosses the threshold of the Sixties, it 
operating force structure has hardened into three distinct yet inevitabl 
related functional operating elements: offensive aerospace forces, defensi' 
aerospace forces, and strategic airlift forces. No one of these forces can opt! 
ate for long without the other two. They are interdependent. 

The working relationship between offensive aerospace forces and stl 
tegic airlift forces is undoubtedly closest of all. Upon strategic airlift falls te 
major burden of ensuring that the first strike of manned offensive forces 
not the only strike. Follow-up missions can be made possible by rapid aitlil 
deployment of men, materiel, and weapons to recovery bases. Not only within 
the aerospace force but in the other armed forces as well strategic airlift hi 
heavy responsibilities. This is particularly true in relation to the Amys 
strategic forces held in the United States for deployment where needed. 

Airlift’s relationship to Army forces in fact requires a new concept af 
organization. The World War II concept of distinct and separate strate} 
and tactical airlift functions has been superseded, in large part, by moder 
technology. Under modern strategy a long-range strategic airlift force is the 
only means of delivering Strategic Army Corps (sTRAC) troops and thet 
equipment directly from the United States to overseas combat zones. Add 
tional local airlift would be required only if it was desired to send the A® 
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deployed stRAc troops directly into battle by assault aircraft or by airdrop. 
This mission could be accomplished by short-range theater airlift forces under 
control of the theater air commander. There is no requirement for two long- 
range airlift forces.* 

Strategy can be called the art of moving men and materiel so that the 
battle, if it must be fought, is fought on the most favorable terms. Tactics 
involves the manipulation of forces during the battle. Thus strategic airlift is 
concerned with and becomes a part of the grand design by which a nation 
deploys and maintains its offensive aerospace forces. 

Strategic airlift forces are also deeply involved in aerospace logistics, the 
science of supply and mobility, the foundation stone upon which all mean- 
ingful strategy must be based and sustained. 


operations and planning 


While strategic airlift forces constitute a major operating aerospace com- 
ponent, the requirement that they be responsive to the needs of the offensive 
forces places upon airlift planners and commanders the responsibility of 
tailoring airlift to the demands of the offensive force structure. Equally im- 
portant, but less well recognized, is the responsibility of the developers and 
planners of grand strategy to approach the over-all aerospace force structure 
with awareness that strategic airlift cannot be relegated to a secondary cate- 
gory to be considered after the combat forces have been shaped. 

While relating the strategic airlift force to the total aerospace force, plan- 
ners must also give consideration to the demands of surface forces, both land 
and water. Though it operates within the aerospace force, strategic airlift is 
one of a kind—unique, serving the total defense establishment as well as the 
aerospace force of which it is a part. Its structure is directly influenced by the 
offensive posture of all forces. At the same time strategic airlift capabilities 
directly affect the type of offensive structure which can be developed. 

Though the nature and form of the combat forces will exert profound 
influence upon the composition and origin of strategic airlift forces, the 
capabilities of global strategic airlift are too vast to be relegated to a minor 
tole. There is no denying that the initial offensive strike of total war will be 
intercontinental in nature. But within the foreseeable state of the aerospace 
art it is inconceivable that global combat could be mounted on a sustained 
scale without equally sustained reliance upon strategic airlift forces for the 
very lifeblood of the combat elements. 

Apart from their relationship to aerospace combat forces and logistics, 
airlift forces offer a unique capability to those who conceive and implement 
our national policies. ‘The airlift organization can make significant contribu- 
tions to international relations through psychologically beneficial operations 


*Since the beginning of World War II, 95 per cent of all “troop-carrier” airlift missions in 
general or limited war have involved moving troops and material from airfield to airfield, and only 5 
Per cent of the effort was devoted to airdrops of Army forces. With the future improbability of 
sharply defined combat zones and wat theaters, a result of long-range combat aircraft and missiles, 
the concept of a war theater must expand to include one or more whole continents. Adequate stra- 
legic airlift forces, plus short-range theater airlift forces, will meet all military requirements for 
intercontinental airlift of troops and for theater air assault or airdrop of troops. 
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in peacetime. Military airlift can assist during periods of disaster, provide ; 
good-will gesture when warranted, and, without resorting to open warfare, 
overcome limitations to surface transport established by the enemy. 

In light of the awesome power existing in modern weaponry, there are 
times when rapid and decisive action is mandatory if an explosive situation 
is to be kept peaceful. A modern national “show of force” depends heavily 
upon the responsiveness of military airlift forces, in being, ready upon a 
moment’s call to move—behind a positive cloak of security—those fighting 
forces needed to maintain the peace, however uneasy it may be. 

The importance of aerospace logistics to national policy and strategy is 
axiomatic. Whatever forces we as a nation construct in preparedness for 
general- or local-war situations must include an adequate aerospace logisti« 
capability as a principal component of our national strength. Mobility in the 
missile age cannot be measured in days or weeks of surface travel. The time 
compression of warfare by intercontinental delivery vehicles has upped the 
logistic time scale to read in hundreds of knots. 

The passing years have not changed the basic principle of military mobil. 
ity. However, the dimensions against which aerospace-age mobility is now 
measured inevitably spell out the increasing demand for airlift. If the primar 
logistic goal is to be achieved, i.e., world-wide, timely support of all US. 
armed forces during peace or war, the logistics structure must lean heavily 
upon the responsive capabilities of in-being, military strategic airlift. 

The history of strategic airlift is relatively brief. Yet in less than two 
decades strategic airlift forces have demonstrated time and again their divers 
capabilities. They have operated into the flame of hot war; they have flown 
peaceful missions in the name of international relations and common humat- 
ity; they have operated in that hazy area which is neither hot war nor cold. 
And through it all they have provided that dependable, routine airborne 
supply without which no theater of operations could have been as militarily 
effective. 

Airlift sustained the forces of China in World War II, enabling that 
nation to hold down a substantial number of enemy combat units which 
would otherwise have been freed to stiffen resistance elsewhere in the Pacific 
This was strategic airlift—its effect was to relatively strengthen U.S. combat 
forces thousands of miles away. 

Airlift kept the people of Berlin alive for 14 months with almost 25 
million airborne tons of food and fuel when the blockade of that city becamt 
the first major test of the cold war. This was strategic airlift—its use and suc 
cess demonstrated a unique vitality and suitability as a major instrument 0 
national cold-war policy. 

Airlift played major roles in the initial and continuing response to the 
Korean conflict. This was strategic airlift—it made possible accelerated mili: 
tary reaction to a threat 7000 miles from our nation’s borders. Strategic all 
lift’s lifesaving component, aeromedical evacuation, made its appearance and 
airlifted more than 62,000 combat casualties and patients from the Far Eas 
to United States hospitals. 

Airlift moved nearly 4000 Arab pilgrims from Beirut, Lebanon, to theit 
holy city of Mecca during a religious pilgrimage. This was strategic airlift- 
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it was performing as an instantly responsive tool of international diplomacy. 

Airlift in three action-packed months in 1958 moved 5500 tons of cargo and 
5400 troops to the Middle East in response to the Lebanese government's 
request, supported the move of a Tactical Air Command composite air strike 
force to the Middle East, and supported the move of a composite air strike 
force to Formosa. Subsequently an entire squadron of F-104 Starfighters—men, 
materiel, and aircraft—was airlifted to Formosa. These were strategic airlifts, 
operated under the centralized control so vital to the concept of Joint Chiefs 
of Staff allocation of aerospace forces in terms of those cold-war reaction 
priorities which can be determined only at the highest Government levels. 

But strategic airlift is more than aircraft and communications, central- 
ized command control, and responsiveness to airlift priorities. It is the flesh 
and blood of men, the cumulative know-how of succeeding crises met and 
calmed as the concept of strategic airlift grew to maturity in the aerospace 
age. It is the man who flew the Himalayan Hump as a first lieutenant, cap- 
tained a C-54 into Berlin, flew aircrew check rides as a major across the lonely 
Pacific to Korea, and today commands the airlift squadrons or plans and 
shows the way to those who have come after him. It is courage and conviction 
-much work, and all too little glory. 

The airlift doctrines which were tested, refined, and adopted with the 
passing years have never been static. They are as dynamic as the air vehicle 
itself, The salient features of today’s airlift doctrine can be simply stated. 

Airlift forces enhance the inherent mobility of aerospace combat elements 
and ensure their sustained striking power by expediting the mobility portion 
of the logistics function. Within the over-all military aerospace organization, 
close cooperation is achieved between the airlift forces and the striking com- 
ponents. Airlift forces have the capability of rapid and direct augmentation 
by military reserve forces and civil air transport organizations in time of 
emergency to meet rapidly expanding routine logistic requirements. In this 
sense during emergency periods the civil augmentation contribution must be 
confined insofar as possible to the safest or quietest zones. Only the uni- 
formed, in-being military strategic airlift force can be counted on for imme- 
diacy of response and for operation into the hazardous areas of general war 
or lesser emergency. 

The greatest flexibility of airlift forces is attained by consolidating all 
military airlift elements within the aerospace force and organizing the func- 
tion within a single world-wide command to provide airlift to all armed 
forces within priorities established only at national Governmental policy 
levels, in consonance with the national global strategy. 

Finally, since ton-mile costs are the vital consideration in the economics 
of airlift forces, the airlift vehicle must be economical to build, economical 
{0 operate, easy to maintain, and easy to load, with sufficient versatility to 
accept various types of cargo. 


organization and requirements 


The Military Air Transport Service is the U.S. Air Force command 
which contains the strategic airlift know-how of the Nation. It is the Nation’s 
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only strategic airlift force, with wartime allocation of its capability de 
mined by Jcs requirements. 

The mission of Mats defines its reason for being and outlines its ar 
of responsibility. Ihe primary mission is to maintain, in being, the milita 
transport, troop-carrier and service forces, and en route bases and air rout 
to meet the approved wartime requirements of the Department of Defense; 
established by the Joint Chiefs of Staff. Mats peacetime operations are ¢o 


ducted to maintain this state of readiness. 


The operational strategic airlift forces are the Eastern ‘Transport Ai 


Force and the Western Transport Air Force. ‘The 442 four-engine aircraft ¢ 
the strategic airlift force operate into more than 50 locations in 42 nation 
throughout the Free World. About 32,000 personnel are directly involved i 
the strategic airlift mission. Another 20,000 are involved in_ base-suppor 
activities, for both the strategic airlift force and other Air Force operation 
activities. The remaining 60,000 personnel in MATs are in the technical sen 
ices—weather, rescue, communications, and photographic and _ charting—an 
in several independent units. 

Strategic airlift is operated under the area-control concept. Headquarte: 
MATS establishes the mission directives in accordance with priorities devd 
oped at the top levels of military authority. The operating air forces, EAstai 
and wESTAF, are assigned specific missions, and they control the strategic ait 
lift aircraft operating within their geographic areas of responsibility. mar 
strategic airlift is global. EASTAF’s area extends from the east coast of tli 
United States to Saudi Arabia; wesTaF’s area begins at the west coast ani 
joins the EASTAF area in Saudi Arabia. 

Like Strategic Air Command and Tactical Air Command, Mats is combai 
ready, maintaining a strategic airlift task force always at runway alert 
support the initial deployment of the aerospace striking forces. In addition 
through its global communications and area centers MATs can control the 
movement of any airlift aircraft that is airborne en route or on the ground 
overseas, diverting the needed number of aircraft to whatever spot nation 
policy may decree. So in effect MATS possesses an “airborne alert.” 

The strategic airlift forces conduct three basic types of war-readines 
training operations. The first is scheduled airlift to support the U.S. armed 
forces overseas. It is “scheduled” for simple reasons of efficiency. 

The second type is the special-mission operation, which takes the stt 
tegic airlift forces literally to the ends of the earth. Newest of the special 
mission airlift operations are those in support of the missile program, varyitf 
from down-range support of the Patrick arB Joint Long Range Provitf 
Ground at Cape Canaveral to the movement of Thor intermediate-rangeé bal 
listic missiles to launching sites in England. Latest special mission in regatd 
to missiles is the responsibility to airlift the Atlas missiles from manufactur 
to sac launching sites. 

The third type of war-readiness training involves operational-readine 
tests, training with sac and Tac in deployment of offensive air forces, and 
routine training with the Army to maintain familiarity with airlift operatiol 
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Today’s Strategic 
Airlift Force 


Strategic airlift today must be able to place missiles, troops, supplies, and out- 
size equipment anywhere in the world on immediate order in direct support 
of strategic and tactical strike forces. Once these forces are in operation, the 
strategic resupply must be furnished to keep them operational either until 
the job is done or until the surface pipeline can be established. 

The dual wartime requirement for quick, full-scale reaction and sus- 
tained operations calls for a strategic airlift force centrally controlled, fully 
equipped, and trained to combat readiness. To a unique extent among aero- 
space forces, the strategic airlift force can accomplish combat-readiness train- 
ing through its normal activities supporting the peacetime military structure 
—airlifting of personnel and high-priority military freight, transport of ballis- 
tic missiles from depots to operating and testing sites—as well as through 
participation in joint exercises and in task forces or expeditions in support 
of national policy. 


In the three fundamental requirements—central control, full equip- 
ment, and combat readiness—the most serious deficiency shows in outmoded 
equipment. The present force of 478 four-engine transports (including 36 
overseas on TDY, assigned to theater commanders) is some 90 per cent 
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obsolescent in terms of the demands upon a modern strategic airlift force 
for speed, range, cargo capacity, passenger capacity, dimensions of cargo 
compartment, and ability to load and unload quickly to achieve a fast turn 
around time. 

In 1960 funds were appropriated by the Congress to begin the modern 
ization of the strategic airlift force. Some $50 million was provided to initi } Cruising 
ate development of a high-performance turbofan transport. Until this equip} Cruising 
ment is available, the force will be provided a degree of interim modernization | Moximu: 
by limited purchases of aircraft now in production or in advanced stages } Pit) 
of development. These purchases will include a number of C-130E’s, the long- 
range version of the C-130B medium troop-carrier aircraft. Not only will 
modernization strengthen the airlift force, but larger capacity, greater speed, 
and a quicker turnaround time will also reduce the total number of aircraft 
needed for the assigned strategic airlift mission. 

The four transports that figure prominently in today’s force are the 
C-118, the C-121, the C-124, and the C-133, of which the C-124 Globemaster 
is most numerous. One of the first large transports designed exclusively for 
airlift requirements rather than being an off-the-shelf commercial model, 
the C-124 became operational in 1950. By the time the last of these ait 
craft was delivered to the Air Force in May 1955, as many as 446 had been 
built. The largest of the heavy-cargo transports until the C-133, the C-14 
has an elliptical cargo compartment that can accommodate bulky, heay 
vehicles, and weapons. 

Older and smaller than the C-124 are the other two types of pisto 
engine transports, the C-12] and the C-118. The C-121 Super Constellation 
is a military adaptation of the Lockheed Constellation familiar in airline 1 
Of the C-121’s bought by the Air Force, most were the 1049 model, trait 
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continental in range and with an extended fuselage. The C- 
the military version of the Douglas DC-6A, which is 
the DC-6, also an airline favorite. The ( 
the cargo weight carried by the C-121, which in turn has a capacity less | 
than that of the C-124. Slightly more than 100 C-118’s were bought by the 

Air Force before the program ended in 1955. 

Newest, largest, fastest of the strategic airlift aircraft is the 
C-133 Cargomaster. Operational since 1958, the 
range freighter, with a cabin specially designed to accommodate the Atlas 
and Titan ICBM’s. Two C-133’s can do the work of five C-124’s. A limited 
number of these modern transports are now in the strategic airlift force. 


118 Liftmaster is 
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-118 can lift only three quarters of 
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Special exercises such as the recent Big Slam/Puerto Pine are conducted peri- 


odically. In the future they should be held more frequently than in the past, 

Actually Big Slam/Puerto Pine was an exercise within an exercise. A 
major concern of airlift commanders is to be able to respond to the war-plan 
requirements for an instant surge to a trouble area and a sustained providing 
of airlift at high aircraft-utilization rates. Big Slam was a test intended to 
measure MATS’ ability to increase its aircraft-utilization rates to a level approx. 
imating the wartime requirement and to hold this level of operations for a 
two-week period. Of course this level produced a large amount of additional 
usable airlift. So MATs and the Army’s Continental Army Command devel. 
oped Exercise Big Slam/Puerto Pine, a test of the overseas deployment of 
Strategic Army Corps units. 

In the total operation, Big Slam, MAts planned to fly 46,295 hours be. 
tween 14 and 28 March. Actually 50,496 hours were flown, about 4000 more 
than planned. In Big Slam/Puerto Pine, Mats planned for 2536 airlift mis 
sions and actually flew 2526. The plan called for the movement of 21,030 
Army troops from 14 onload bases, and 21,095 were actually moved. Airlift 
of 10,949 tons of Army cargo actually took place against 11,096 tons planned. 

Of the 447 strategic airlift aircraft available to MATs during the two-week 
period, 222 were used in Big Slam/Puerto Pine. The remainder, through 
accelerated operational activity, plus some augmentation from civil sources, 
met MATS’ routine airlift support responsibilities to U.S. armed forces over- 
seas. At the peak of the Big Slam/Puerto Pine operation almost a hundred 
aircraft were airborne in a continuous stream between the east coast of 
Florida and the Puerto Rico offload bases, Ramey ars and Roosevelt Roads 
Naval Air Station. 

As already stated, the wartime mission of MATs is established by the Joint 
Chiefs of Staff. Similarly in peace, Mats is directly concerned with Department 
of Defense instructions. The Secretary of the Air Force is the “single manager” 
of airlift service for the Department of Defense. Mats is his operating agency 
to provide airlift to all United States armed forces. 

As the airlift service agency, MATs is unique in that it conducts war-readiness 
strategic airlift training operations with funds provided by the armed forces in 
return for the training-generated airlift used for logistic support of overseas 
forces. The resulting Airlift Service Industrial Fund is unique to a war-read) 
military force. But it is an administrative funding device only and should not 
be permitted to becloud the true nature of Mats’ reason for being and the logic 
of mats’ airlift training operations. 

mats works closely with those forces which can augment the in-being mil 
tary airlift forces’ capability in times of national emergency. This reserve a 
present includes two wings in the Air National Guard in five states and the 
U.S. civil airline industry. The use of contract civil airline air transportation 
to augment the strategic airlift force requires a delicate balance of judgment 
There is much to be gained by familiarizing the civil airlines with milital} 
airlift operations in peace so that they can make emergency contribution 
within their capabilities in time of war. On the other hand the understandable 
desire for profit in civilian industry causes political pressures that could erod 
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the military strategic airlift force. Acquiescence to persistent demands by some 
airlines for increased contract operations at the expense of war-readiness train- 
ing by the military strategic airlift force would result in reducing the level of 
training or in the imposition on the taxpayer of unnecessary costs for procure- 
ment of civil air transportation, or both. 


The Decade Ahead: Demand and Capability 


i outlining the strategic airlift concept for the new decade it is desirable to 

examine briefly the probable national policies which will in turn dictate 
the composition of the offensive aerospace forces that the strategic airlift force 
will be called upon to support. 

National policy probably will call for the maintenance of armed forces 
apable of deterring global conflict. National strategy in the missile era un- 
doubtedly will stress the development of an aerospace force consisting of a 
blend or mix of manned aerial vehicles and unmanned missiles, both with a 
ready capability of delivering firepower ranging from nuclear devices down the 
scale to weapons with less-destructive impact. 

At present the airlift resources of the national defense structure are mainly 
within the Air Force, the air arm of the Department of Defense. But within 
the Air Force they tend to be scattered among different commands, a violation 
of basic organizational principles that in part contributes to the deficiencies 
inairlift existing today. Assignment of all Department of Defense airlift capa- 
bility to a single airlift command—in fact, not merely in name—would over- 
come some of the present airlift deficiencies. 

There are heavy airlift aircraft assigned to both ar Logistics Command 
ind Strategic Air Command, and even Tactical Air Command, which are used 
or specific airlift tasks. During limited or all-out emergencies some of the 
apability of these units is wasted or engaged in secondary or low-priority mis- 
‘ions at the time the primary airlift system is accelerated to the maximum on 
he top-priority jobs. There are other examples of segmented airlift resources 
which are subject to increased productivity by assignment to a single airlift 
ommand. 

Airlift control and management would be enhanced in an emergency if 
varteadiness training were conducted under standardized procedures within 
‘global airlift system under the authoritative direction of a single command. 
The reorganization would provide a single point of contact directly responsive 
‘all Joint Chiefs of Staff priorities and requirements for long-range airlift. 
Today’s airlift deficiencies point to the need for a more effective utiliza- 
‘ion of resources, primarily by creation of a single airlift command in actuality 


~hot in name only. 


the force and the mission 


In planning and programing forces for the period 1960-1970, primary 
‘phasis must be placed on the provision of ready, in-being forces, including 
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aerospace logistic forces, for the initial decisive phase of both general a 
local wars. Long-range plans for strategic airlift in this period must base { 
size of the airlift force not only upon the requirements of the aerospace for 
of which it is an integral part, but also upon the requirements of the lap 
sea, and undersea combat forces which strategic airlift must support. 

The capacity of the civil airline industry to augment the airlift force j 
time of emergency must be recognized, and presently is required. But it my 
also be realistically appraised in terms of civil airline ability and willingne 
to operate under conditions of strict military control. It is idle to speculat 
about and dangerous to rely upon civil airlift for the movement of comba 
forces in event of an actual emergency operation. Only a ready military for 
can be counted on or expected to do the job. The Civil Reserve Air Fleet: 
now constituted must be confined as much as possible to the safest or quiets 
zones in augmenting the military airlift force in a general or limited war. \ 
purely contract arrangement which does not guarantee without doubt the r 
sponsiveness of the entire system (crews, aircraft, maintenance, supply, an 
management) can meet the demands of modern war. The primary ingredier 
lacking is the positive control and individual discipline equivalent to thi 
found in the military strategic airlift force. 

During the period ahead we must exploit to the maximum the concept: 
routine airlift supply and resupply directly from manufacturer to user. Stod 
piling of supplies, world-wide, is costly and economically hazardous to t 
Nation, Stationing intermediate-range ballistic missiles at foreign bases hi 
already brought home the full economic significance of strategic airlift in t 
aerospace age. The problem of keeping missile units at peak effectivene 
carries enormous economic implications. Missiles are far too expensive to bu 
and stock in quantity as we once did with guns and even with aircraft. li 
addition to the prohibitive expense, large missile inventories would creat 
tempting targets for enemy attack and sabotage. With emphasis on oversti 
airlift, missile preparedness can be militarily sound and economically sensiblt 
High-speed mobility, by strategic airlift from manufacturer to user, can kee 
an operational number of these infinitely complex weapons available for us 
at all times at minimum cost and can keep them maintained and up-to-dal 
as technological changes in design occur. 

Not only in overseas theaters is missile mobility a prime consideration. | 
the United States the airlift delivery of missiles from manufacturer to test 0! 
offensive launching sites has proved operationally feasible, economically just 
fiable, and—perhaps more important—capable of reducing that most critic 
commodity in developmental programs: time. The strategic airlift forces mW 
be ever ready to support the operations of the offensive aerospace forces, i! 
cluding manned vehicles, in either global or limited emergencies. The surlat 
elements of our national military strength also demand the mobility of deploy 
ment and the guarantee of rapid resupply—with its enormous economies—whid 
only strategic airlift can offer. 

The strategic airlift force must be constantly on the same terms of read! 
alert as the offensive aerospace forces if the immediate response demanded ' 
to be forthcoming. But airlift forces cannot guarantee fulfillment of emergem™ 
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missions if they are restricted to alert status and periodic training exercises. 
The nature of an airlift force is not comparable to that of a strategic-offensive 
aerospace force. The offensive force must be geared to an initial series of swift, 
devastating strikes. The airlift force must be capable of both swift initial re- 
action in the decisive phase of a global or limited war and sustained airlift 
operations at a very high level of individual airlift-aircraft utilization. Thus it 
is mandatory that the airlift force be continuously exercised in peace at an 
aircraft-utilization rate delicately balanced between the demands of economy 
and the demands of instant emergency surges to sustained airlift operations. 

It so becomes possible for the strategic airlift force in times of peace to 
yield a by-product of its war-readiness training. This by-product is usable 
deployment and resupply airlift. No realistic airlift policy within the aero- 
space force can ignore the economics of utilizing this airlift in normal peace- 
time support of deployed overseas forces. Not only does it save money; more 
important, it gears the entire aerospace logistics system to that form of deploy- 
ment and resupply which would be utilized in the fast-paced aerospace oper- 
ations of an emergency situation. 

But the composition and character of the strategic airlift force aircraft 
cannot be predicated upon the by-product airlift produced by war-readiness 
training. The peacetime operations of the airlift force cannot be permitted to 
becloud the bedrock reason for its existence as an emergency, war-ready force. 
The characteristics of its airlift aircraft, for example, must be compatible with 
the hard realities of its wartime mission. 

Compatibility with the wartime mission should not be construed as evi- 
dence of a desire to lead the way in the design, development, and operation of 
aircraft which press hard against the limits of aeronautical knowledge. While 
the airlift force cannot be permitted to lag too far behind the offensive forces 
in speed, range, and other operational characteristics of its aircraft, there is 
no requirement to take the lead. The strategic airlift aircraft, both in war and 
in war-readiness training, has too grave a responsibility for human lives and 
vital cargo to permit willing acceptance of advanced and untried equipment, 
with the inherent period of “teething troubles” before reliability is ensured. 


the equipment 


It is essential that this Nation maintain in being a strategic airlift force 
‘compatible with the aerospace-offensive forces it must support. To be com- 
patible with the strike forces, the strategic airlift force must be modernized 
and equipped with jet-powered aircraft. 

Outsized cargo airlift requires a large aircraft capable of airlifting mis- 
illes, tanks, vehicles, and even entire short-range aircraft when necessary. The 
present requirement is being satisfied with turboprop-powered aircraft, which 
should be replaced during the decade with turbofan-powered aircraft of at 
least comparable size, payload, and range. The work-horse aircraft, backbone 
of the strategic airlift force, must be capable of transocean flights with a prac- 
tical and substantial payload. It must also be capable of operating under mar- 
ginal base conditions, lifting a maximum payload from short runways with 
low-weight-bearing surfaces. 
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By the period 1965-1970 the strategic airlift force should not rely on th 
island bases now used. It is important that we exploit to the maximum th 
nonstop intercontinental airlift operation. To do so, proper equipment is; 
critical item. Most of the aircraft now in the airlift force are deficient in range 
speed, and altitude performance. In event of war, destruction or saturation 6 
the few island refueling bases could slow the flow of critical personnel and 
cargo to combat forces in overseas theaters of operations. 

Future strategic airlift aircraft should have a normal range of 400 
nautical miles with a 20-ton payload. True airspeed should be what proven 
technology can provide. It is feasible that Air Force criteria for personnel 
moderate-weight, and cube-cargo aircraft can be met by off-the-shelf procure 
ment from industries now in the process of building jet transports for the 
civil airlines. However, under normal technological advancement, it is clearly 
evident that turbine-powered strategic airlift aircraft will be required in the 
inventory by the mid 1960's. Such an aircraft would have the required ranges 
carry from 150 to 200 military personnel, and be capable of operating fron 
established bases located both in the U.S. and overseas with runway lengths o/ 
5000 feet. 

Modernization of aircraft alone is not the total solution. As more hour 
are devoted to ground handling than to flying, it is mandatory that the ant: 
quated World War II cargo-handling system be phased out and replaced a 
an early date with automatic high-speed loaders. It is imperative that ground 
times be compressed to absorb some of the ever decreasing emergency reac 
tion time. 

Toward the end of the 1960-1970 time period, consideration must be 
given to the phase-in of supersonic airlift aircraft if we are to keep pace with 
the aerospace strike forces and take full advantage of the satellite communi 
tions systems now envisioned. Development of this strategic airlift aircrali 
would be expensive. Yet much could be saved in both time and money by the 
adoption of advanced aircraft now under development for offensive weapon 
systems. The aerospace force must recognize its own requirement and accep! 
the cost of a minimum number of these aircraft, planning for their operations in 
such a way as to take advantage of their tremendous speed. They would be main 
tained as a ready force for the initial, decisive phases of either general o! 
limited war. 

With the phase-in of the supersonic airlift aircraft, ground-air communi: 
cations must be capable of automatic traffic control. A supersonic strategi 
airlift aircraft with a Doppler navigation system should be capable of depatt 
ing a terminal and arriving at its destination, regardless of distance, and auto 
matically be controlled during its penetration until traffic-pattern altitude i 
reached, all without the necessity of communication between aircraft até 
ground control. 

To take advantage of the satellite communication systems, aircraft mus! 
be equipped with communications and navigational aids compatible with the 
satellites. Operational flexibility, world-wide control of the strategic aitli 
forces at a moment’s notice, and air-traffic control during the latter part 
the time period should be enhanced by use of the satellites. 
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The minimum acceptable strategic airlift capability for the 1960-1970 
time period for the aerospace force must be predicated on the offensive 
weapon systems in being and under development. The strategic airlift require- 
ments associated with weapon systems employment will determine an objective 
strategic airlift force. In any given time period this strategic airlift force not 
only must be capable of satisfying the total ton-mile requirements associated 
with deployment of the weapon systems but in addition must have the capa- 
bility of supplying the number of airframes for the required sorties in support 
of offensive aerospace operations. 

This warning should not be glossed over lightly. In terms of ton-mile 
requirements the ever present temptation is to move toward larger and larger 
strategic airlift aircraft. This goal, desirable in one sense of the requirements 
posed, could, if taken too literally, defeat the ever present need for sortie 
flexibility within the strategic airlift force. It is difficult to define optimum 
size of strategic airlift aircraft which can strike a balance between the often 
divergent requirements of total ton-mile capability and volume of airlift air- 
craft sorties. Aerospace force planners would do well to keep this considera- 
tion always in mind. 

In the decade ahead a major consideration for all the armed forces is a 
continuous appraisal of those force elements suited by value or scarcity for 
dependable, routine resupply by strategic airlift. Within the aerospace force, 
past experience has already identified trained manpower as perhaps the most 
critically scarce item. In addition, certain complex items of aerospace equip- 
ment, costly and scarce, are ideally suited for routine airlift movement to 
overseas aerospace forces. Significant dollar savings have already resulted 
through Air Force use of airlift. It behooves planners in all the armed forces 
to critically examine their force’s most valued supplies and equipment for 
inclusion in the lists of airlift-eligible cargoes. 


combat readiness 


The present organizational structure of the Military Air Transport Serv- 
ice appears to be adequate for the strategic airlift force from 1960 to 1970. But 
satisfaction with present organization and the flow of mission priorities from 
the very top level of the Department of Defense structure should not be per- 
mitted to obscure an ever present danger. 

It is basic Air Force doctrine that flexibility is the basis of the great 
strength of aerospace forces. AF Manual 1-2 cautions, 

For this flexibility to be exploited fully, the forces must be responsive at all levels of opera- 

tion to employment as a single, aggregate instrument. ... Of the many impacts on military 

operations caused by the continuing development of*high speeds, extended ranges, and 
greater striking power in aerospace forces, the requirements for centralized preplanning and 
prudent allocation of contro] are two of the most significant. As the capabilities of the forces 
increase, every arrangement which could possibly act to limit the attainment of their full 
Operational potential is more critical. 
The tendency of those who do not fully understand the capabilities and 
trengths of strategic airlift forces is occasionally to conclude that a comp 
table airlift support of the aerospace force can be attained through increasing 
reliance upon the civil airline industry. Nothing could be more hazardous t+ 
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the optimum strength of the total aerospace force. Responsiveness, militan 
training, certainty of compliance with military orders, knowledge of the far 
flung airlift routes of the world, security of operations, familiarity with the 
operational procedures of the offensive aerospace forces—all these are char. 
acteristics found only in an in-being military strategic airlift force. Mone 
cannot suddenly purchase these characteristics on some future D-day. The 
strategic airlift force must be military. It must exist in-being. It must be 
equipped for the tasks at hand. It must be trained. 

After this warning it may seem paradoxical to state with equal force tha 
the civil airline industry must be prepared to work hand-in-glove with the 
in-being military strategic airlift force in time of emergency. But there is no 
paradox when it is understood that there are certain missions which only the 
military strategic airlift force can perform and certain missions in which the 
civil industry can augment the airlift force effectively. It is not in the bes 
interests of the Nation to maintain a military airlift force equal to the totd 
airlift tasks of a global emergency. Conversely it is unrealistic to assume that 
civil industry can suddenly handle the complex requirements of strategic ait 
lift, under contract and with little experience in emergency military demands 

It would be a disservice if the past contributions of the civil airline indus 
try to emergency air transportation requirements were not properly recog 
nized. The civil airlines have augmented the in-being capability of both the 
Air Transport Command and its successor, the Military Air Transport Service, 
well and faithfully. During World War II about one third of the total ton: 
miles of airlift was provided the Air Transport Command by commercial 
contractors. During the Korean conflict the peak of civil contract augments 
tion saw some sixty-six aircraft from nine prime airline contractors workin 
for MATS. Nevertheless it is well to restate that only military airlift in-being 
can meet the rigid requirements of airlift into combat areas. 

A balanced judgment is urgently required when the proper relationship 
between an in-being military strategic airlift force and civil airline augmenté 
tion is being discussed. And the source of this best judgment will always be 
found in the ranks of the aerospace-force professionals who have spent thei! 


lives with strategic airlift. 


the prospect of spacelift 


The emerging responsibilities of the new decade would not be complet 
without a brief examination of the impact of space exploration upon the str 
tegic airlift force. As it trains and equips itself to continue to meet its militay 
mission responsibilities upon this planet, the commanders of the strategic ail 
lift force must increasingly turn their eyes toward the stars. 

Whether the new decade sees the successful operation of a satellite bea! 
ing the insignia of the U.S. Air Force depends upon many considerations 
scientific, economic, military, and national determination. But whenever mat 
enters space, however halting his initial steps may be, the logistics requiremét 
of deployment and resupply will become as critical as man’s survival in a nt 
and totally hostile environment. 
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The word “airlift” is now a fixture in professional military terminology. 
Two decades ago it did not exist. It is inevitable that “spacelift” also will 
enter the military lexicon in the years just ahead. The man who flew the 
Hump, captained a C-54 into Berlin, commanded a strategic airlift squadron 
into Lebanon, and today provides leadership and vision for his strategic air- 
lift aircrews will complete his service career concerned with the logistics of 
space. 

The requirements, tools, and techniques of space logistics are inevitably 
the next concern of the men who today move the missiles. The vision which 
made global strategic airlift a working reality should not be lacking as the 
aerospace force moves beyond the horizon. 

As the Nation enters the new decade, the strategic airlift force so essential 
to success in past conflicts will be more and more important in conflicts of the 
future. A. strategic airlift force on a ready status, with intercontinental capa- 
bility today, with the vision to be ready for strategic spacelift tomorrow, is an 
indispensable operational component of our aerospace forces. 


Ware Neck, Virginia 








Tactical Reconnaissance 


BRIGADIER GENERAL ‘THOMAS R. Forp 


HROUGHOUT history intelligence concerning the movement, dispos 

tion, and capabilities of the enemy forces has been a ‘fundamental requir 
ment for military operations. Intelligence information is the basis for pla 
ning every military action. 

Timeliness, accuracy, and completeness of information are even mor 
essential in modern war. A comprehensive knowledge of the enemy’s capabil 
ities and dispositions is a major criterion in formulating theater war plan 
Tactical reconnaissance aerospace forces have the inherent capability 
penetrate deeply into enemy territory to obtain necessary and timely intel 
gence information. They will be the major source of active intelligence | 
formation once hostilities have begun, and they are vitally necessary in vie 
of the great degree of mobility with which we must credit our potential foe 


the mission 

The search for battlefield intelligence is of course as old as warla! 
itself. For thousands of years the means of acquiring it fell roughly in 
two categories: passive observation, where a man in a tree or on a hi 
watched enemy troop movements and estimated the enemy’s strength ast 
capabilities; and active reconnaissance, where foot soldiers or cavalry attemp! 
ed to circle or penetrate the enemy lines to develop information. Observatio 
first took to the air in the Battle of Fleurs in 1794, when the French used 
balloon to observe enemy troop concentrations. By the time of the Ame 
can Civil War and the Franco-Prussian War, balloons were used to ditt 
artillery fire as well as to observe the enemy; photographs were taken alo 
in addition to the visual sightings by the observer. 

When World War I began, the balloon became the principal means 
observation. But the size of the battlefield and of the mass armies requit! 
battlefield intelligence more cohesive in form and extending farther behi! 
cnemy lines than static observation from tethered balloons could provid 
So acrial observation took the first tentative steps toward becoming att 
reconnaissance as airplanes began to probe behind enemy lines with 0 
servers and cameras. The idea was quickly picked up in the United stat 
and first put to use during the pursuit of Villa in Mexico in 1916, whe! 
airplanes photographed 19,000 square miles in support of General Pers 
ing’s columns. 

As airplanes gradually took over air intelligence in World War 1, the 
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forecast the death of the observation balloon. Not only did they perform 
the job more effectively but, as firepower was added to their mobility, they 
shot the stationary balloons out of the sky. In rudimentary form this devel- 
opment was the first in a series of lessons on the aerial reconnaissance 
vehicle. World War II quickly pointed up the same lesson: vehicles for air 
reconnaissance had to be equal or superior to the best operational weapons 
of the enemy if they were to penetrate enemy territory and return with 
their information. ‘Thus the early days of American participation in World 
War II saw the hasty discard of obsolete, slow, special types such as the 
0-47’s and O-52’s and ancient camera-fitted bombers such as the Martin 
B-10. From then until the end of the war, reconnaissance aircraft were 
modified versions of the latest operational fighter or bomber aircraft avail- 
able. The roll call of reconnaissance aircraft used in World War II pre- 
cisely parallels the backbone of the combat air forces: F-3 (A-20 Havoc), 
F-5 (P-38 Lightning), F-6 (P-51 Mustang), F-7 (B-24 Liberator), F-8 (Brit- 
ish Mosquito), F-9 (B-17 Fortress), F-10 (B-25 Mitchell), and F-13 (B-29 
Superfortress) . 

The emergence of air operations as a full if not always equally recog- 
nized complement of land and sea operations greatly increased the responsi- 
bilities of tactical reconnaissance. The old missions of battlefield intelligence 
and artillery spotting for the Army remained. To them was added the more 
complex requirement of reconnoitering the tactical air battlefield for the 
tactical air forces. Since this battlefield ranged hundreds of miles behind 
the enemy lines and embraced as targets all tactical warmaking capability 
within a large part of an entire theater of war, the job of tactical reconnais- 
sance jumped by several orders of magnitude. This was reflected in the U.S. 
reorganization of tactical air in 1943, when the term “observation” was 
dropped in favor of “tactical reconnaissance” and the mission was broadened 
to specify the air intelligence functions for air forces as well as for support 
of army and naval forces. 

Tactical air reconnaissance came into its own in World War II. As 
developed and refined by the Allies, it gave air, land, and sea commanders 
adegree of certainty about enemy tactical capabilities never before enjoyed. 
The payoff on the battlefield was shown in 1944 when General Patton, after 
breaking out of the Normandy beachhead, was able to sweep along the 
Loire River and drive for the German border with his right flank guarded 
only by tactical reconnaissance elements of the Ninth Air Force, which 
kept him informed of enemy movements south of the river. 

As a result of the increased importance of tactical reconnaissance in 
World War II, development was begun on aircraft designed specifically for 
reconnaissance—the Hughes XF-11 for tactical reconnaissance, the Republic 
XF-12 for strategic reconnaissance. These projects failed to reach fulfillment, 
and as jet aircraft came into the combat forces a certain number were fitted 
out for tactical reconnaissance. 

At the start of the Korean hostilities tactical reconnaissance was using 
the RF-80 and the RB-26. The 67th Tactical Reconnaissance Wing, aug- 
mented by one sac squadron of RB-29’s, furnished the main intelligence- 





The RF-101, mainstay of tactical daylight photographic reconnais. 
sance. Shown mounted from left to right are the KA-2 nose-ob- 
lique, the KA-2 left-oblique, and the KA-I split-vertical cameras. 


gathering forces of the Korean War. Visual and photo reconnaissance was 
responsible for 90 per cent of all intelligence information gathered during 
the three years of conflict. Plans for the Republic RF-84 and the Martin 
RB-57 were initiated, but they came into service only after the end of conflict 

Our present-day tactical reconnaissance forces are now equipped with the 
RF-101 supersonic Voodoo for daytime visual and photographic activities 
and with the Douglas RB-66 for night-photo and weather-reconnaissance mis 
sions. Tactical reconnaissance wings equipped with both types of aircraft are 
in the theaters, and the 363d Tactical Reconnaissance Wing at Shaw Air Force 
Base, South Carolina, forms an important part of TAac’s Composite Air Strike 
Force, which is geared for rapid reaction to such threats to peace as developed 
in the Taiwan Strait and in Lebanon. 

In event of hostilities, traditionally the first objective of our tactical 
air forces is to gain aerospace superiority. For conduct of the counteraéro 
space force battle, the principal intelligence requirement is to determine 
the enemy’s air, radar, and missile order of battle. Fairly reliable information 
concerning his strength and disposition will usually be available before 
the outbreak of hostilities, but this general information needs immediaté 
detailed elaboration and confirmation. Thus the first task of the theaters 
tactical reconnaissance forces is to gather comprehensive data about the 


enemy’s opposing air force disposition, his radar control centers, and the 
locations of his fixed and mobile missile forces. Damage assessment must be 
performed by both visual and photographic means on targets after the inital 
preplanned strikes have been made, to confirm the success of the tacticé 
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efort and determine the enemy’s capability to continue or to recover. 
Weather conditions may have an important bearing upon our strike capa- 
bility. The source areas and deployment routes of enemy forces must also 
be periodically examined. 

The second general task of the tactical reconnaissance forces relates 
to interdiction. Adequate surveillance must be exercised over the enemy’s 
main lines of communication in order to obtain information for planning 
interdiction strikes and to confirm the effectiveness of these strikes. 

The third task, one of the most important and least evident means 
by which the tactical air force influences the success of army operations, is 
performed to assist the army commander in meeting his needs for informa- 
ion on enemy troop dispositions and strength. Specific objectives are 
delineated in the daily plan of tactical reconnaissance operations as the 
need becomes apparent. Army requests for tactical reconnaissance data are 
processed through the air-ground operations system. Each request is evalu- 
ated to determine its priority in relation to the current intelligence require- 
ments. The tactical reconnaissance mission to be flown may then incorporate 
econnais. | Several such army requests and satisfy selected tactical air targeting objec- 
nose-ob- | tives as well. 
cameras. All the above tasks may be carried out almost simultaneously, by virtue 
of the inherent flexibility of the manned tactical reconnaissance weapon 
ystem. Through the tactical air control system, the objectives of a tactical 
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e before [for night and all-weather tactical reconnaissance, the RB-66B is out- 
nmediate | filted with a variety of photographic equipment, yet retains firepower. 
theaters From left: T-11 gyroscopic camera mount, T-11 mapping camera, K-38 
pout the | Mera with 12-inch cone mounted (24-inch and 36-inch cones behind 
and the camera), K-46 night cameras (trimounted), K-37 
night camera, photoflash detector, and O-15 radar- 





st be 
ogee ‘cope camera. In front are the M-120 photoflash 
acti! 22M M-112 and M-123 photoflash cartridges, and 


20mm ammunition. In the plane’s belly (photo to 
the night) is the RB-66’s photoflash cartridge rack. 
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reconnaissance sortie may even be changed while it is in progress, in ord, 


to accomplish another, higher-priority task. 


the tactical reconnaissance vehicle 


For the immediate future it appears that manned aircraft offer the mo 
effective and efficient means with which to perform the tactical reconnai 
sance mission. Literally thousands of electronic gadgets and automatic s 
tems have been investigated to improve the present reconnaissance senso 
or replace them altogether. The Army is conducting extensive research o 
unmanned drone systems as an important part of its combat surveillance 
project. The Air Force is continually testing new and exotic means ¢ 
gathering intelligence. Two main important difficulties soon become eviden 
when attempting to rely on the automatic unmanned system: the complexiy 
of the problem of recovering the information quickly and in a form that) 
immediately usable; and the lack of ability in the automatic systems \ 
discriminate—to sort out the vital information from the mass of unwanted « 
less important data. 

Since under any technique except pure visual reconnaissance a grez 
deal of sorting may in any event have to be done, one might presume thi 
the sorting could best be carried on in an air-conditioned bombpra 
shelter. But for the automatic unmanned systems the problem of data tram 
mission reduces “home base” sorting to a doubtful value. The automa 
unmanned system would be a supersonic vehicle with a great variety : 
sensors, each contributing its bit to the intelligence picture. This compl 
would gather more intelligence than could be transmitted within the sam 
time period. Certainly this is true of information at the large scale or hig 
degree of resolution that suits tactical intelligence needs. 

For this reason most tactical reconnaissance authorities conclude thé 
during the next few years a great deal of dependence must be placed on: 
manned, very-high-performance aircraft that is capable of surviving dun 
aerospace conflict. Ideally this would be a ‘two-place aircraft, with one of 
aircrew serving as a highly skilled airborne interpreter who operates 2 
monitors the sensors and sifts out for transmission only the information % 
is critically needed or is of a highly perishable nature, such as data 
cerning mobile forces on the move. 

The survival of such manned tactical reconnaissance aircraft during 
era of highly effective surface-to-air and air-to-air missiles presents a © 
plex challenge to research and development. Several different  possibilit® 
exist, ranging from the very-high-altitude supersonic aircraft that empl 
an extensive array of deceptive electronic and infrared countermecas” 
equipment to the on-the-deck subsonic or supersonic aircraft capable ' 
avoiding enemy detection and kill by means of speed, silence, and mat 
verability. The latter choice appears highly attractive to many authori 
but it raises the thought that the enemy can resort to erecting various ' 
stacles, similar to the World War II barrage-balloon defenses, to him 
the minimum-altitude operation of aircraft. 
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advanced sensors and their employment 





In the past, tactical reconnaissance has been dependent upon clear 
amospheric conditions and after dark the use of artificial illumination. 
Tactical reconnaissance systems have been separated into specialized pack- 
ages, such as photographic, weather, or electronic-ferret. The aircraft them- 
selves had no armament and thus provided little flexibility for other tactical 
operations. These limitations, generally true today, should vanish in the 
near future. With the bilateral introduction of tactical nuclear weapons, 
traditional operations methods no longer suffice. The enemy’s nuclear capa- 































bility represents a threat of great magnitude that must be destroyed at the 





earliest instant possible. Rapid and accurate gathering, processing, and 
assessment of intelligence become highly critical. The introduction of nu- 
dear weapons for small-war targets renders conventional reconnaissance 
techniques obsolete. 

The specific mission flown by an aircraft on reconnaissance is a func- 
tion of the type of target and the sensing and recording systems installed in 
the aircraft. A basic and continuing problem is determining the actual size 
of the target and its distance from the sensor. Anyone who has flown on a 
dear day at 30,000- to 40,000-foot altitudes realizes that the objects on the 
ground which can be recognized from this height are of greatly different 
apparent size than those which can be recognized from a low altitude. In 
the same manner that the resolving power of the eye varies with distance 
from the object, the resolution of the reconnaissance sensors varies. Further, 
at high altitudes the eye is not adversely affected by high speed, but at low 
iltitude it is necessary to concentrate on objects or groups of objects one t 
ita time, since their angular position with respect to the line of vision is 
rapidly changing. Reconnaissance sensing devices whether visual photo- 
gaphic, radar, or infrared, all have their own peculiar limitations or advan- 
ages in resolving power. For example, radar can see reasonably well through 
most clouds or at night and can record variations in the profile and radar 
reflectivity of the earth's surface. Infrared sensors that distinguish tempera- 
ure differences between objects or areas can be used to identify manufactur- 
ng plants, power stations, and even moving military equipment such as 
tucks or tanks. Radar can be designed and adjusted so that it sees targets 
moving relative to the background and at the same time does not see fixed 
targets. 

Despite the time lag 
and proper illumination 
ource. It offers high 


in processing and the requirement for visibility 
the photograph is still an important intelligence 
acuity and permanency as well as excellent reproduction 
ind interpretation possibilities. For this reason side-looking, high-resolu- 
ion radar and infrared sensors generally incorporate photographic record- 
ng methods. The problem then is to shrink the time lag by processing the 
lm in flight, so that it may be viewed and interpreted in flight. Selected 
‘formation can then be electronically transmitted, and as follow-up the 
lms can be ejected over the Army or Air Force unit charged with target 
destruction. To be worthwh 
tcord of the exact geogra 


ile each photograph must include an accurate 


phical location covered. 
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Reconnaissance photography as returned by a variety of sensors is exhibited if Side-loc 
three comparable views of Baltimore: a conventional aerial photograph (above); f of reso! 
an infrared photograph (below), and a side-looking radar photograph (right) } the adv 


The conventional photo is the most detailed but requires clear-weather visibility | on the 
course. 


(as opp 
cult to 
Infrared photography joins radar photography for night and all-weather reco | mappin 
naissance. Its basis is that all objects of a temperature above absolute zero (—273°C F versely 
generate infrared radiation. Since this radiation increases as the fourth power Fabove, 
any increase in absolute temperature, small temperature differences make strikin{ 
differences in radiation pattern. Though severely attenuated 
by fog or heavy rain, infrared offers better resolution than 
radar for certain terrain patterns (as city streets, runways, 
and other objects with temperature contrast), for definition of 
critical points in large targets by picking out heat sources (as 
boiler of ship, pointed to by white arrow), and for spotting 
moving or camouflaged vehicles. This infrared photo was taken 
at 10 P.M. from an altitude of 4000 feet. Its coverage is the 
oblique small rectangle on the conventional photograph. 





Side-looking radar is a useful addition to aerial reconnaissance. Radar’s degree 
of resolution depends on pulse length and beam width. Side-looking radar offers 
the advantage of a very narrow beam, transmitted by two long antennas fixed low 
on the sides of the fuselage and scanning below and to each side of the aircraft 
course. Because the beam is narrow and sweeps a spot on the ground only once 
(as opposed to repeated sweeps by rotating radar) side-looking radar is very diffi- 
cult to jam. Uses: battlefield surveillance, complex-target intelligence, and radar 
mapping. At low altitude resolution improves, since azimuth resolution is in- 
versely a function of slant range to the target. The side-looking radar photo 
h power 0 above, right, covers the upright large rectangle on the conventional photo. 
ake strikin{ ° 
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Radarscope photography is useful for target identification 
and for orientation. The O-15 radarscope camera with clot 
and data plate shown above took this scope photo of Alle 
marle Sound, N.C. The clock indicates time of the photo 


Side-looking, high-resolution radar combined with infrared technique 
greatly expands the horizons of tactical reconnaissance. Data can be gathered 
without the necessity of passing the reconnaissance vehicle directly ove 
the target area. When integrated, these sensors also provide a_ reasonabl 
degree of night and all-weather capability without the use of artificial illu 
mination. For day reconnaissance the addition of a television view finde 
improves the resolution of the observer’s eye. Distances to target may be 
compensated for, and electronic tape recording is possible for permaneng 
and re-viewing. 

All these reconnaissance sensors are well within the present state of the 
art and have been extensively tested by Army and Air Force researc 
agencies. Combined viewing of the products of these sensors by an airbortt 
observer, together with a highly accurate position-recording system and ‘ 
suitable map reference of the area being overflown, similar to that providet 
by the Decca system, makes possible a capability for immediate interpreté 
tion and on-the-spot decision never before envisioned. For example let 
visualize a typical night mission employing the future tactical reconnaissant 
aircraft. 

The flight path is planned to pass over or near a forested area that 
suspect. The normal photographic equipment and the tv view finder oft 
no capability without artificial illumination, but the aircraft crew know 
when the target area is near by observing their flight path on the map 
position indicator. The aircraft's high-resolution moving target indicald! 
(mtT1) radar scans the area and detects the movement of enemy vehicles 
within the forest. The infrared scanner simultaneously confirms the sail 
targets by sensing the difference in temperature between the targets al 
their background. To this capability can be added an automatic, miniatl! 
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ized, electronic-ferret package designed to search through a specific band of 
the radio-frequency spectrum that earlier electronic reconnaissance has iden- 
tified as the one being used for communications by the enemy’s armored 
forces. Similar application is also possible to detect and pinpoint missile- 
launch and guidance radars, air defense control radars, gun laying, and 
surface-to-air missile radars. In addition to alerting the aircrew that radar 
emissions may be interrogating the aircraft, the ferret package may also be 
automatized to initiate certain electronic-countermeasure protective devices 
that cause a deceptive decoy image to position on the enemy’s radar screens. 

The intelligence sensing capability described constitutes a highly accu- 
rate tactical target-location system for a completely all-weather strike capa- 
bility. It can provide a large amount of recorded useful intelligence data at 
no sacrifice to the basic attack mission. For this reason the combined recon- 
naissance-strike mission concept comes into sharp focus as an effective meth- 
od of seeking out and immediately destroying certain classes of enemy tar- 
gets, such as active missile launch sites and occupied airfields, without further 
reference to the controlling agency. For complete flexibility and conduct of 
the pure reconnaissance mission when not required in a strike configuration, 
the reconnaissance-strike aircraft would carry specialized reconnaissance pack- 
ages in place of the usual attack ordnance as alternate mission equipment. 


Tue ultimate tactical reconnaissance aircraft as envisioned will have the 
facility for world-wide deployment to support the local-war deterrent ob- 
jectives of the Air Force. Here the needs might cover all types of targets 
from small guerrilla bands roaming jungle paths to large airport installa- 
tions and population centers. Mapping terrain and urban features, locating 
enemy electronic installations, and recording damage from previous attacks 
would all constitute some phase of the tactical reconnaissance mission in 
the local war. Tactical reconnaissance in these peripheral areas, many remote 
from established U.S. bases overseas, demands a modicum of first-class equip- 
ment and maintenance support. The aircraft must be capable of sustained 
operations from forward area bases with very limited support facilities. 
Although larger, more sophisticated aircraft compound the support problem, 
the trend is toward such aircraft, and the problem must be met with suitable 
plug-in pods and miniaturized systems. ‘These pods and systems are now 
being developed and will introduce greater versatility into tactical recon- 
haissance operations. 

As the Air Force and the Army missile capability grows, tactical recon- 
haissance forces must keep pace. The nuclear warhead, coupled with a fast- 
countdown missile, emphasizes the growing requirement for pinpointing 
largets with ultimate precision and assisting in their immediate destruction 
when so required. 


Headquarters Tactical Air Command 











Operational Posture of the 
Aerospace Force 


MAJOR GENERAL JOHN K. HESTER 


TWAS on 31 March 1949 in Boston that Sir Winston Churchill made hi 
oft-quoted statement: “It is certain that Europe would have been Comm: 
nized and London under bombardment some time ago but for the deter: 
of the atomic bomb in the hands of the United States.” 
Since those words were spoken, military capabilities have change 
relatively, through scientific advancements, varying pressures of world pol 
tics, and public opinion. But the basic problem of opposing doctrines 
mains and forms the framework within which our operational aerospa 
posture is planned. 

Now both the opposing powers have significant numbers of therm 
nuclear weapons, whereas in 1949 the U.S. alone had the great advantage 
a nuclear weapons stockpile. Now both have the ability to deliver the wey 
ons anywhere in the world, while then only the U.S. had any major lon 
range striking forces. The weapons themselves have been improved ail 
simplified in terms of destructive power, longer shelf life, and immediate 
availability. Delivery systems have improved to the extent that the time 
which plans must be translated into action has been compressed from da' 
to minutes. Although the basic strategic problem of achieving the ability’ 
direct superior firepower on the opposing force has not changed, the techn 
ogy which determines the means of solving the problem has changed t 
mendously. 

Churchill’s statement is still correct, but the Communist decision 0 
substitute bombs for butter in furtherance of their doctrine of world dom: 
nation has narrowed the margin of advantage which constituted our det‘: 
rent at that time. Our problem is to ensure that the deterrent gap n¢¢ 
closes and to convince the world that even though the aggressor strié 
first we can retain the capability of inflicting unacceptable damage to! 
opposing military force. 

In the late 1940’s and early 1950’s we faced only a very limited milita) 
threat, in that the potential attacker possessed a very small number of 
clear weapons and his delivery vehicles for them were slow and short-range 
As a result there was only moderate concern over surprise attack on™ 
strategic force, and few passive defense measures were used. Because of te 
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limited range and speed of the B-29 and B-50, some units were deployed 
to forward overseas areas on a rotation basis, exercising their mobility plans 
while other units in the U.S. continued normal training and alert status. 
At the same time the long-range B-36 was introduced into the force, and it 
could remain stationed in the U.S. Alert status involving several hours for 
reaction was considered adequate; mobility plans required days to execute 
and necessitated considerable airlift support; yet against the threat facing 
us at the time this posture provided deterrence. 

The next phase saw the introduction of more substantial numbers of 
nuclear weapons into the Soviet Air Force, and an increased delivery capa- 
bility. Faced with this strength, we tightened and extended our warning 
network, improved our active defense weapons, and started realistically im- 
proving passive defense and reaction time of the strike force. 

Still more recently jet bombers have more than doubled the speed of the 
attacker and further complicated our problem. We have reacted with active 
defense by manned all-weather interceptors, unmanned interceptors (Bo- 
marc), and other ground-to-air missiles. We have pushed our radar warn- 
ing network farther and farther from our shores through the Distant Early 
Warning (Dew) Line, airborne early-warning and control aircraft, and 
picket ships. We have still further refined the passive defense of our counter- 
strike force. This force has been dispersed to make the aggressor’s targeting 
more difficult, and force reaction time has been reduced to the extent that 
one third of the bomber force can be airborne on 15 minutes’ warning. 

These steps as they were applied have provided a high degree of force 
security against the threat of bomber attack; but the newest introduction 
into aerospace forces, the intercontinental ballistic missile (1cBM), bypasses 
all warning devices and defenses against the manned bomber. It should be 
emphasized that the 1cBM threat has not replaced the bomber threat but has 
been added to it. There is a real requirement that defenses against the 
bomber be kept responsive for as long as that threat exists; but a defense 
system against the ballistic missile must also be provided. 

The picture of defense against ballistic missiles as of today is not bright, 
tither for us or for a potential aggressor. Although it is a matter of highest 
national priority and will certainly be resolved, the fact remains that we 
do not have today an effective anti-ballistic-missile weapon. We have started 
to build a warning network, and the Ballistic Missile Early Warning System 
(8MEws), which is now operational at one of its three sites, will give an 
average of 15 minutes’ warning of 1cBM attack, depending on launch site, 
trajectory, and target. Midas, the missile defense alarm satellite, is designed 
to detect missiles during the launch phase and thus will add to our warning. 
BMEWs has no capability, however, against submarine-launched or air-launched 
ballistic missiles. 

Strategic warning of intent to attack is increasingly more difficult to 
obtain before the attack is launched. Against manned aircraft we might 
anticipate some strategic warning through detection of preparation for mass 
attack. Against fueled missiles constantly on alert in growing numbers, we 
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can visualize a situation in which the only prestrike preparation would \ 
the final decision to launch. 

We must, then, prepare to meet a situation in which our warning is 4 
best approximately 30 minutes, and at worst zero—the impact of enemy mis 
siles on our territory. 

The quick reaction of our strike force from ground alert may no longe 
be adequate; we have a requirement now for an airborne-alert capability and 
are taking steps to achieve that capability. Under the airborne alert system, ; 
proportion of the bomber force would be airborne at all times, thus ensuriry 
a force that would survive even a zero-warning attack. The aircraft would bk 
fully combat-loaded and could, on command, proceed directly to preassigne( 
enemy targets. This force would have the advantage of recallability, so tha 
it could be started toward its targets on the basis of very early—perhaps equi 
ocal—warning. In that case, under positive control procedures, at a designate 
point along his route the aircraft commander must have received a positive 
message telling him to proceed to target on the authority of the President, a 
he must turn back to base. Thus a loss of communication with the comman( 
center would not result in the bombing of a target after release of the for: 
on what proved to be a false alarm. 

The enemy problem of targeting our bomber force can also be matt 
much more difficult by further dispersal. In the past we have used dispers’ 
by unit. Now we think in terms of more extensive dispersal of small number 
of our medium bombers to many of the civil and military airfields through: 
out the country. This procedure is being tested. 

Our icBM force is being planned and installed with passive defense |) 
several means, to ensure that a major portion of the missile force woul 
survive a surprise attack. Dispersal, protective construction, mobility, ant 
rapid reaction are all used. Some of the systems rely on only one of thes 
measures, while others have the additional security of combining them. 

Atlas squadrons are widely dispersed at several bases within the Unite: 
States, and future construction of missile sites will provide still further di 
persal. Missiles within each squadron are also dispersed according to realist 
separation criteria, which will require that each missile be individually t 
geted by an attacker. There are also the missile forces of our allies locattt 
overseas, the Polaris submarines under the ocean, the Thor 1rBM in Greil 
Britain, and the Jupiter 1RBM in Italy. 

No protective construction is afforded the current Atlas, but the follow! 
Atlas and Titan will have varying degrees of hardening, and the fixed Mi 
uteman will be in widely dispersed, hardened silos. The second configuratio! 
of Minuteman will have the benefit of mobility, affording protection throug! 
targeting difficulty, and to some extent concealment. These missiles will be 
carried on railroad trains, utilizing the rail net of the United States as the! 
base. Random movement of the trains throughout the country presents “ 
enemy with the fantastic problem of keeping track of all trains at all tmé 
and constantly reprograming his aggressor missiles to the new target locatio" 
Missile units are also designed for fast reaction. Under conditions of tensi0! 
even the early missiles can be launched in less than ten minutes, and th 
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hardened or mobile Minuteman is expected to have almost instantaneous 
reaction Capability. 

As a part of over-all strike force security, provision must also be made 
to ensure that the command and control structure, from the Commander 
in Chief, Strategic Air Command, down to the vehicles themselves, is secure 
and reliable. At this time hardening of command posts and hardening and 
duplication of communications are being programed. Many other devices, 
such as airborne command posts, ground-wave transmission systems, and com- 
munications satellites, are being investigated to make certain that command 
control will continue during and after an attack. Continuing aggressive efforts 
in this direction are certainly warranted and critically necessary. 

It is obvious that all these techniques are very expensive and represent 
a significant proportion of our military expenditures. They are necessary 
because they make the problem of an attacker more difficult and our deter- 
rence more convincing. Unfortunately they do not solve the most pressing 
problem—how to destroy attacking missiles before they reach their targets. 

Conceptually there are three applications under consideration in re- 
solving the problem of intercepting and destroying hostile ballistic missiles. 
These applications consider destruction in the re-entry or terminal phase, in 
the mid-course phase, or in the launch phase of the missile’s flight. Each has 
its possible techniques, advantages, and disadvantages: 

e Terminal-phase destruction is currently of great interest, primarily 
because it appears to be technically achievable in the near future. But it has 
the disadvantages of the possible nuclear explosions directly over our territory 
and of its last-chance connotation, in that there would be no chance for a 
second defensive shot if the first shot failed to destroy. 

e Mid-course destruction tends to move the missile battle area away 
from world populations, but it may involve the addition of permanently sta- 
tioned satellites in orbit and introduces the difficulty of determining the in- 
tent of the missiles so as to provide the unequivocal warning necesary for the 
command to launch interceptor missiles and the unrecallable missiles of our 
strike force. 

e Launch-phase destruction puts the nuclear blasts clearly over the 
aggressor’s territory where they belong, but it also may involve satellites, fur- 
ther complicates the proof of intent, and reduces the time for command 
decision. It is possible that considerations of timeliness, cost, reliability, and 
survival may force us into a mix of weapons such as we have in the manned- 
bomber defenses. It seems clearly desirable, however, to destroy the hostile 
missile in the launch or mid-course phase if it is technically feasible. 

Whatever the method used, it is imperative that we achieve a truly effec- 
tive anti-ballistic-missile capability before the potential enemy does. If he 
beats us in this race, he will have an immediate advantage in that his missile 
force will still be able to hit us with impunity while our missiles can be killed 
‘0 route by his counter weapons. Our deterrence would be most seriously 
downgraded. 


In the future, while striving for peace, we shall continue to search for 
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better ways to provide military security. Military planners recognize that 
technological improvements impose such rapid changes in military equip 
ment that the weapon system currently in use already is obsolescent. A: 
technology provides weapons, it follows with counter weapons, and capa 
bilities are soon faced with counter capabilities. In this context the ballistic 
missile and the orbital satellite are interim systems which will be countered 
and replaced by manned spacecraft, capable of maneuvering under human 
judgment and control. They can provide information as to enemy capability, 
thus once again giving us the advantage of some degree of strategic warning 
They can provide clear and unmistakable warning of the launch of aggressive 
weapons and employ their own counter weapons to destroy them. They can, 
if necessary and as ordered, initiate the counterstrike on the enemy’s forces. 

We need the manned spacecraft, quite simply, because it may afford the 
advantage of performing the military job quicker and more efficiently. We 
need to be first to achieve the superiority of manned spacecraft, because thi 
promises to be the next step in the deterrent force of the future. 

Throughout the period embraced by this discussion the complexity 
expense, and capability of military hardware, and with these the complication 
of military planning, have increased enormously. We deal with a technolog 
which requires ever more of us and allows us ever decreasing time in whic 
to do our job. Fundamentally, however, our problem has not changed. We 
are still, as Churchill saw us in 1949, striving to ensure an aerospace posture 
which will convince a potential aggressor that he cannot, by the use oi 
military force, impose his will. This is our contribution to peace and to tht 
security of the Free World. 


Headquarters United States Air Force 
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Command and Organization 
of Aerospace Offense and Defense 


COLONEL CAMPBELL PALFREY, JR. 


COLONEL JAMES W. BOTHWELL 


ITAL to an effective aerospace force in the next decade are not only 

the numbers, composition, and tactics of this force but also—and equally 
important—how the force is organized and commanded. We contend that 
a military force should be organized on a functional basis to the maximum 
extent that the nature and role of the force will allow. This goal is attain- 
able in the strategic offensive and defensive elements of the aerospace force 
toa degree not possible in most other military activities. After functionally 
unified commands have been established by bringing together as many func- 
tionally similar units as possible, we believe it of prime importance that the 
closest coordination be fostered and maintained between these separately 
commanded forces whose activities are closely interrelated and intercon- 
nected. In short we feel that our country should possess a singly commanded 
and unified strategic offensive force and a singly commanded and unified 
aerospace defensive force, and that both—being functionally different but 
closely related—should operate under single over-all direction. We shall at- 
tempt to show the urgent need that these aims be achieved for our 1960-1970 
aerospace force in order to give this force the potency which its critical mis- 
sion demands. 

Providential circumstances seem to have favored our country’s armed 
forces in the past. Despite lack of both unity and real coordination between 
the services—and even between various branches of the same service—we have 
managed to survive such reversals as Pearl Harbor and surely if rather 
ponderously to build and organize a superiority that enabled us, in time, 
to crush our enemies. If anyone thinks that future conflicts will allow us this 
sort of time to gird our loins, he is out of touch with reality. 

Faulty organization could be the Achilles’ heel that costs this country 
its existence. Here we continue to ignore time-proven, accepted principles. 
Can it be doubted that single command of functionally organized forces has 
been held a desirable goal throughout military history? Or that technology, 
advancing through the centuries, has made singly commanded functional 
forces increasingly desirable, necessary, and possible? As technology has 
brought weapons of greater speed, power, range, mobility, penetrative abil- 
ity, and flexibility—as well as faster, more reliable, and more effective means 
lor command and control—the size and scope of forces under field com- 
manders have grown accordingly. Witness the historical expanding of forces, 
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from those commanded by the earliest tribal chieftains to the huge force § to | 
under MacArthur, Eisenhower, and Nimitz. com 

As mentioned before, there is not only an urgent need for single com § ning 
mand of strategic offensive and defensive forces, each under its own fun. J wagt 
tional commander, but also a pressing necessity for the closest interaction f may 
under single over-all direction of these commands. The interaction of offeny } entit 
and defense is basic to any consideration concerned with deterring a fight logic 
or—if necessary—winning one. This premise is universally understood in the J accu 
boxing world. It permeates hockey, football, basketball, and_ practically J with 
every other competitive endeavor. The sword and the shield go together. | capal 
Generally speaking, one is not worth much without the other, but togethe | argue 
in complementary roles they can make pretty efficient, if very basic, fighting } strate 


partners. The effectiveness of interaction between the aerospace offensiy f 
and defensive teams will be a big factor in deciding the aerospace battle of } done 
the future and thus the outcome of the war. natiol 
there 

years | 

Single Command of the Strategic Offensive Force have 1 


ODAY our nation has only one type of military force whose technologici 

attributes and singleness of mission offer the desired goal of functiond 
unity on a global basis. That force, which now provides the United States 
strategic offensive capability, is presently split among various services ani § Moder 
commands. It can and should be unified. The Strategic Air Command pach § comma 
a vast preponderance of our nuclear punch—well over 90 per cent in ™ § cused ¢ 
equivalent. But significant and growing capabilities for the strategic offen f mand | 
sive exist in other commands and services. The Commander in Chief, Eur § “ispers 
pean Command, possesses a substantial number of aircraft which can, should, 
and undoubtedly will take part in the. strategic offensive. The Navy’s Polaris, 
when operational, will most certainly have an important place in the strate 
gic offense. No single commander, however, today tells the various forcés 
what strategic targets to strike and when to strike them.* 

The need for single command of the strategic offensive force is certainly 
not new. The strategic offensive is an operation which can and must 
carried out on a global basis—and perhaps sooner than we imagine on4 
universal basis. Whether strategic weapons are launched from under, on, # 
above the earth’s surface matters little. Nor does it matter whether thet 
weapons reach their targets through space, through the atmosphere, or evél 
by boring holes through the earth. What does matter is that the forces parti 
ipating in the strategic offensive should be accomplishing a single mission 
and that the planning and execution of this single mission must be underé 
single commander. 

What is the mission of a strategic offensive force? Simply stated, it 8 
























*A decision announced by the Secretary of Defense on 17 August 1960 created a Joint Stratepe 
Target Planning Agency under the directorship of the Commander in Chief, Strategic Air Com 
General Power’s Deputy Director is a Navy vice admiral. The first assignment of nuclear weapons 
strategic targets by this agency was scheduled to be completed in December 1960. It is safe to say @™ 
the new targeting procedure is a definite step in the right direction. This central targeting 48¢ 
may well be the harbinger of the essential functional alignment of forces proposed by the aut 
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to be able to destroy the enemy’s strategic target system, this system being 
comprised of those targets which should and can be the subject of preplan- 
ning and which together form the vitals of the enemy’s Capacity and will to 
wage war. All policy-making authorities in the Government and military 
may not recognize the fact that this strategic target system exists as an 
entity, or they may disagree as to what targets constitute the system, but 
logic tells us that there is such a single system. The task is to identify it 
accurately and be able to attack it in a timely, effective, optimized manner, 
with minimum losses to our own side, and exploiting to the fullest the 
capabilities of each of our strategic weapon systems. Will anyone seriously 
argue that this single target system should be attacked by completely separate 
strategic forces carrying out plans made by separate planning authorities? 

As a matter of fact there are those who contend that the job can be 
done in this separate fashion through coordination. In the past this coordi- 
nation method has not resulted in anything like optimum effectiveness, and 
there is no assurance of improvement in the future. During the past few 
years representatives of the various commands possessing an atomic capability 
have met at irregular intervals at what are known as world-wide coordina- 


Modern warfare has made it essential that the strategic offensive forces have a single 
commander. Only this commander, with all deployment and status information fo- 
cused on his display boards from a global communications net—as in the SAC com- 
mand post shown here—can make quick, interrelated decisions committing widely 
dispersed, complementary forces to a complete yet economical pattern of attack. 
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tion conferences. Here targeting conflicts that might inhibit rather than aid 
the strategic offensive were discussed, and attempts were made to resolv 
them. Any resolution of conflicts had to be by mutual consent, for there wa 
no authority to force agreement. Importantly, these conferences have been 
held not to promulgate new plans but in actuality to compare plans alread; 
made by separate authorities. With each represented commander having 3 
prime concern for his own duties and responsibilities and the security of 
his own forces, it is not difficult to see why little progress has been made. 
Results of these world-wide coordination conferences have been educational 
to a degree, but uniformly disappointing. In essence these attempts have not 
succeeded because of organizational arrangements that allow overlapping and 
duplicative roles and because of separate planning, after-the-fact coordina 
tion, and lack of exercise of over-all authority. Our ever increasing stockpile 
of weapons, growing and duplicative strategic attack capabilities, and broad 
and overlapping mission assignments will add complexity to an_ already 
vexing problem if we continue under our present system. Future strategic 
weapon systems of fantastically increased speed, range, power, flexibility 
and reaction capability will bury once and for all any anachronistic idea 
concerning coordination as a substitute for single command of the strategic 
offensive. 

Since coordination alone cannot result in an effective strategic offensive 
force, why can we not compromise a bit with the idea of having a single com 
mander and instead have a committee of appropriate representation to fil 
the command gap? For the required integration of our strategic effort we 
need targeting know-how, single execution authority, directed weight 
effort, before-the-fact planning, secure and effective communications, weapon 
systems that supplement and complement each other, and a_ recognizti 
singleness of mission. 

Can we achieve these goals by committee action? Committees are sult 
able, and often necessary, for exploring, for counseling, for recommending, 
but by their very nature they are inherently incapable of continuing direc 
tion of an activity of real complexity. This is particularly true when they 
are composed of members of diverse backgrounds and strong beliefs, how: 
ever honest, patriotic, and competent they may be. There is a very red 
need for committees, and the committee concept will be of great value it 
its proper role within a single strategic offensive command. As someone hi 
remarked, though, a camel is a horse that was designed by a committee; ant 
decisions on complex major questions upon which the very existence of ou! 
country depends must be made by a commander—even if based on advit 
given him by one or more committees. 

Because of the very nature of their proper role and function, the Joitl 
Chiefs of Staff cannot reasonably be expected to fill the command void até 
take over the actual detailed planning and execution of the strategic offer 
sive. Lack of an appropriate staff, lack of prompt command action inheréll 
in any group, and required continuing modifications of strategic plans al 
militate against the Joint Chiefs of Staff exercising active command of tht 
strategic offensive force. 
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Other factors urging us toward single command of the strategic offen- 
sive force stem from the speed and degree of surprise with which our ad- 
versaries may be capable of attacking us. This warning problem bears heavily 
on command considerations. Our national policy of deterrence probably 
denies to us the huge advantage of surprise. This denial is the price we pay 
for something we as a nation believe in strongly, and we would not have 
it otherwise. Be that as it may, the fact that the denial offers the adversary 
the tremendously favorable circumstance of surprise onslaught must be faced, 
and we must solve the serious problems thus posed to us. 

These problems are inextricably tied in with the communications diffi- 
culties inherent in any situation where contact must be speedy, clear, and 
absolutely reliable. If war ever comes, friendly warning devices must detect 
and identify enemy attack weapons and then transmit warning and alert 
information to the appropriate control authority. There speedy but extreme- 
ly accurate decisions must be made, and they must be transmitted rapidly 
and reliably to the operating forces. Each additional decision-making author- 
iy and each additional communication link detracts from the speed, reli- 
ability, and precision so desperately needed at a critical time. These process- 
és, recently measured in hours and now in minutes, will have to be 
accomplished in seconds. Strategic plans, carefully laid out in advance and 
tested time and again in realistic exercises of the whole force, will have to 
be implemented immediately. These plans must set into motion the units of 
our strategic offensive force—whether they be based above, on, or under the 
surface of the globe. There must be one chain of command in the strategic 
offensive function, making the decisions and transmitting them to the oper- 
ating forces quickly and surely. 

If we were to grant for the moment that the needed degree of strategic 
planning effectiveness can be obtained in peacetime by coordination alone— 
and that assumption exceeds reasonable bounds, for such has not been the 
case—we must face the fact that coordination (as a substitute for single 
command) cannot possibly be effective when the chips are down and this 
country is counterattacking with whatever forces survive an initial surprise 
attack by masses of enemy weapon systems. 

Depending on when such an event occurs and the efficiency with which 
it is executed, our strategic offensive forces would have varying numbers 
and types of weapon systems available for strike. The numbers and types 
will depend on the answers to many questions. Will we have guaranteed, 
tliable, usable warning? If so, our ground-alert forces and perhaps our 
follow-on forces will be potent factors indeed. If not, for the sake of our 
‘ountry we had better have hundreds of weapons in the bays of airborne- 
ilert heavy bombers, at least until we achieve significant quantities of other 
highly survivable offensive systems. Will such attack come at a time when we 
tave substantial numbers of mobile Minutemen? How many of our hard- 
‘ned missiles will survive? How many of our Polaris submarines—a very 
welcome addition to a diversified strategic offensive force—will be caught 
in port or at tender, and how many will have been tracked and located for 
ttstruction by the enemy during the weeks before his attack? The response 
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to these and many other similar questions will determine what portion 
our strategic force will, in actuality, be able to strike. 

Unfortunately the answers will not and cannot be forthcoming unt 
after the event. Then big decisions must be made; they must be made fx 
and right. With the country under attack by multimegaton weapons, th 
mere idea of coordinating strategic strikes by separate forces is ridiculous) 
unrealistic. If there is not strong unity of command at that time, ther 
simply cannot be effective counterattack—even in the initial phase in cam 
ing out carefully preplanned actions, much less in the subsequent phag 


when reconnaissance must feed information to a central authority {i 


restrike planning. The inevitable result, if there is not single command, wi 
be a combination of overdestruction and underdestruction—in other words, 
strategic effort that falls short of what it could and should be. And if th 
enemy foresees inept counterattack, there is no deterrence. It is the sam 
old story. If he knows we can strike effectively, we shall probably never ha 
to. 

Another pressing reason for single command of this functionally organ 
ized force has to do with optimizing the make-up of our strategic offensi 
force. A very happy—and sorely needed—result of single command of ou 
strategic offensive force will be centralized determination of the force-stru 
ture requirement. Insofar as strategic weapon systems compete with ea‘ 
other rather than complement and supplement each other, they detract fror 
our country’s power rather than add to it. 

As the cost and complexity of weapon systems continue to increase i 
an ever quickening rate, there will hardly be enough money and scientii 
talent in the whole world, much less in our country, to support the mult: 
duplicative programs we have seen. This country must spend whatever 
required to maintain an adequate deterrent margin. Diversity in our weapo! 
systems, both manned and unmanned, is essential; but redundancy is 
luxury no country can afford. A proper ratio, or mix, of various weap! 
systems in our strategic inventory is highly important. This ratio will chang 
more or less continually. To determine the proper make-up of this mix 
terms of numbers and types of weapon systems, and then to monitor thet 
systems through the design and development stages into the operation 
inventory, will be a huge task. The grab-bag, racing-off-in-all-directions# 
once technique just cannot be tolerated. For pressing reasons of both eco! 
omy and strategic effectiveness, our country needs centralized determinati 
of requirements for strategic weapon systems. 

As we said before, how our strategic offensive force is organized alt 
commanded is as important as the type and quantity of the weapon system 
that make up the force. Having discussed the impact of single command 0! 
force structure, let us see how command considerations can affect oth 
aspects of deterrence. 

First let us take a quick look at what we mean by deterrence. To 
deter, Mr. Webster says, is “to prevent from action through fear of cons: 
quences.” What “action” do we seek to prevent? Is it an all-out attack 0! 
the United States? Does it include the initiation of limited war? Dots’ 
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also take in unacceptable aggressive acts short of war by an enemy, wherever 
they may occur? The answer to all these questions is a resounding “Yes!” Any 
deterrence short of preventing these actions is really no deterrence at all and 
would eventually leave the United States isolated, insulated, and impotent. 

One aspect of deterrence that can be stated with complete assurance is 
that it is not a static condition. Deterrence is made up of many factors, 
sme of which are under our control and some of which are not. For ex- 
ample, it is rather doubtful that we can alter certain environmental factors 
in the lives of key Soviet leaders. Certainly their domestic affairs and the 
states of their digestions have a real bearing upon their emotions, which in 
turn have an equally real bearing on such attributes as pugnacity, reckless- 
ness, confidence, calm, etc. There are other fields, however, where we can 
strongly affect their attitudes of audacity or caution. In such fields we must 
strive mightily to dissuade them from taking disastrous steps. They must be 
made to feel that these actions will bring them only catastrophe. The strate- 
gic offensive force, wisely used in this area, not only is our chief deterrent 
to war but also serves as a potent tool in day-to-day international political 
dealings. 

Soviet leaders are quite aware that numbers of weapon systems alone 
will not spell doom for them. How these weapon systems are commanded 
and controlled will determine whether we can strike effectively or whether 
our commitment of forces can only be piecemeal and impotent. This organi- 
ational factor adds to or detracts immeasurably from our deterrent posture. 
And the deterrent posture of this nation may well decide whether or not 
this planet becomes one vast slave-labor camp in the future. With this fate 
in the balance, neither tradition nor sentiment nor timeworn myth should 
speak in deciding whether we shall have a truly functionally organized and 
singly commanded strategic offensive force. 

If we can achieve a singly commanded, functionally organized United 
States strategic offensive force, the next logical step would be a Free World 
strategic offensive force. This project would involve many complex inter- 
national problems, but they should by no means be insurmountable. Such a 
step could only be taken after we have put our own house in order, and it 
is alluded to only as a prospect. 


The Necessity for Single Command of the 


Aerospace Defense Force 


Q INGLE command of military operations means many things to many people. 

Itcan mean merely top-level policy and guidance from a combined inter- 
yvernmental group. To some it means complete integration of various 
“vice and international components at all echelons, with a single individual 
‘xercising command. Another group defines it as operational control of 
‘ombat functions. 

For aerospace defense of the United States, we believe that single com- 
mand must mean centralized control and decentralized execution. This 

















142 AIR UNIVERSITY QUARTERLY REVIEW 


concept is in effect to some extent today. Tomorrow it must prevail for tl; 
reasons that we will discuss. This single-ccommand philosophy means givin — de 


one commander—the Commander in Chief, North American Air Defen ter 
Command-—necessary responsibility and authority to state requirements, yf ¢lj 
develop concepts, to specify deployments, and to direct engagement of th} dif 
enemy. It also means acceptance by all concerned of a common doctrine an} tic 
knowledge of basic principles underlying the doctrine. Today aerospa} jing 
defense is plagued with service bias, and we do not have a common cieei f anc 


Single command does not demand or imply that a single commander eval: fof | 
ate each radar sighting, identify each possible enemy vehicle, or order ea} offe 
engagement. Execution of these and many other tasks is decentralized if wit! 
good and sound order to most effective levels. hou 

Single command of aerospace defense, as used in this discussion, does mw: typi 
disregard sovereignty considerations or presuppose a global functional ¢:} agai 
fense organization. It is concerned with concepts, not geographical specific 

Why is single command of aerospace defense so important now anditf} Wh 
the future? There are many reasons, of which three stand out: the elemef exp! 
of time in warfare of the future, the effects of advancing technology, an — achi 
economy. Let us look at what these factors mean to aerospace defense. man 

Defense is part of deterrence now and must continue in this role. Th} over 
aerospace defense force of the future must be designed to aid in the d&§ natic 
terrence of attack and to react against the enemy’s weapons if he shouif New 
attack. Functionally defense must continue to detect, identify (and wam 
intercept, and destroy or neutralize the attack. 

Although there will be no foreseeable change in these aerospace defen: 
functions, some modifications in the dimensions of time and geography a Aeros} 
now apparent and more will develop. As the enemy develops new Cap: f jimin, 
bilities to attack the U.S. with aerospace weapons, the defense force mi'f nan, ; 
improve commensurately. does fi 

Defense in the aerospace age will continue to be a reactive type “f |) dep, 
operation. Unidentified or enemy attacking forces are detected; the defen: 
reacts and takes appropriate action. Because of this sequence or reactitt 
requirement, aerospace defense is particularly sensitive to changes in th 
amount of time available to carry out its functions. The time element i 
military operations, with all its ramifications, overshadows all others in «t 
sideration of single command of the aerospace defense force. 

In the context of aerospace defense, people and governments react al 
decide at about the same rate today as they did ten years ago. It appédl 
that no major change can be forecast for the next ten years. On the oll 
hand technology is advancing at a tremendous pace, particularly in sped 
of weapons. Military situations that developed and were acted on ovellly 
matter of years, days, or hours in the past are now measured in minutes a ide 
seconds. This compression of time demands direct and simple high4ed iti be 4 
decisions, engendered by single command of all phases of aerospace OH 
fense. In past wars there have been numerous decision points. In the futtt / 
there will be only one; the point at which hostilities are initiated is Oe 
the point of decision. 
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vail for th The element of time has a marked influence in the execution of 
eans givin f decisions and, correspondingly, on the organizational structure involved. In 
Air Defen: terms of speed, defense in the near future must engage enemy vehicles trav- 
rements, yf eling at thousands of miles per hour. This is many orders of magnitude 


nent of tkf different from the problem posed by a mach-l or mach-2 bomber. In prac- 
loctrine ani} tice this new dimension of speed means that detection, identification (warn- 
y aerospa:} ing), interception, and destruction of hostile aerospace vehicles must now 
umon cree, ff and in the future take place in scant fractions of the time we have thought 
ander evalu ff of before. In a sense, defense will become a “mousetrap” operation: the very 
order eat offensive enemy action itself triggers the mechanism that defends. Whereas 
ntralized nf with systems such as the Dew Line times on the order of from one to three 
hours would be available to complete all defensive functions against a 
on, does ni: typical modern bomber, the maximum possible time for defensive action 
nctional ¢f against an 1cBM is 30 minutes or less. 

cal specific The factor of time also applies to the cumulative defense problem. 
now andi:f When an offensive force was limited to slow delivery systems and high- 
the elemen§ explosive (HE) bombs, many sorties were required by an offensive force to 
nology, af achieve any substantial objective. Under such conditions defense could hold 
defense. many councils of war and could change strategies, deployments, and _ tactics 
is role. Tk} over a period of days or perhaps months. Mutual support between different 
| in the df national, area, or service organizations could be achieved by coordination. 
f he shout{ New tactics could be chosen by trial and error. Today advances in technol- 
(and warn 


pace defens 
ography a: 
S New Capi 


Aerospace defense, now continental in area, spatial in depth, and split-second in 
timing, must have a single commander of all aerospace defense forces. Only one 
> force mf man, able to view the entire, vast air battle as a whole—as the NORAD commander 
does from the NORAD Combat Operations Center depicted here—can instantaneous- 
tive type “§ ly deploy and maneuver all the dispersed, complementary forces to meet the attack 
the defen 
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ogy, particularly in speed of vehicles and in the probability of fantasticalh 
high-yield weapons, end the era wherein coordination was the accepted 
doctrine. 

Single command of effort in aerospace defense is a logical evolution 0 
fundamental organization—technology relationships and principles. As weap 
ons and means of waging war change, so do organizations. Where forces 
can operate only under the eye of the commander, so to speak, control is rele. 
tively simple and decisions affect only a small area. But as the range and 
capability of forces become greater—as when the cavalry went from the hors 
to the tank and the navy from the battleship to the carrier—the need for 
an organization to provide centralized direction becomes apparent. Specifi 
cally in aerospace defense, equipments and weapons that can intercept ballisti 
missiles, satellites, or advanced air-breathing vehicles will operate at great 
distances from their bases. Unanimity and coherence of action by these opera- 
tional forces are possible only if their direction is centralized under a single 
commander. 

Probably the clearest way of visualizing why single command of defens 
elements is so important in light of continued advances in technology i 
to picture a situation where many missiles are detected by means of a satellite 
warning system a few seconds after launch from hostile territory. Obviously 


it is difficult to pinpoint exactly where they are going to land—and conte. 


spondingly difficult to know how much time will be available to intercept 
and destroy. To take advantage of this early detection by making maximum 
use of the limited time available, extremely quick-reacting and long-range 
defense weapons must be employed. A similar situation can be envisioned 
wherein westbound, unidentified bombers are detected approaching the “iron 
curtain” in Germany. 

The first and perhaps only evaluation possible for either the missile or 
bomber example will be to identify, in a gross sort of way, possible impact 
areas: North Ainerica, western Europe, England, etc. If at this point, because 
of conceptual differences (area or point defense, for instance), sovereigi 
rights, or other reasons, various defense commanders must coordinate to se 
who takes what action, the chances of defense doing its part of the overall 
task effectively are pretty slim. Great courage of conviction will be absolutely 
necessary for the decisions that will have to be made—if the defense is called 
upon in an active way. Less than the utmost in directness and simplicity of 
command for the defense of major areas of the world could be disastrous. 

Economy is one of the most evident advantages of single command 
aerospace defense. Even the best coordination in building and operating the 
elaborate components of an air defense system as complex as the one today 
in the U.S. and Canada leaves much to be desired. As pointed out previous 
ly, the job for the future will continue to encompass detection, identifica 
tion (warning), interception, and destruction. All these functions must be 
done, they must be done faster, and they must be as nearly right as possible 
the first time. The cost in dollars, know-how, and capability to operate vari: 
ous components is climbing at a rate that demands elimination of unneces 
sary overlap and duplication. Single command of aerospace defense opt 
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tions will eliminate unnecessary duplication of aerospace tracking and 
cataloging facilities. It will help obtain optimum identification procedures. 
A single source for planning will also ensure that separate weapon systems, 
command and control systems, radars, or other sensing and guiding equip- 
ments are not procured to support parochial interests or for reasons stemming 
from lack of coordination. Savings in manpower and operating expenses go 
hand in hand with having a single commander of aerospace defense. 


Single Over-all Direction of 
the Offense and Defense 


ERETOFORE we have discussed the need for single command of the strategic 

offensive force and for single command of the aerospace defensive force. 
Why, now, when considering the relationship between these two forces, will 
we speak of “close interaction” between them rather than advocate their 
union under a single commander? The answer lies in the fact that these 
forces are quite different functionally and hence do not lend themselves to 
union in a single active command. We shall see, however, that their activities 
are such as to require the very closest interaction under single over-all direc- 
tion. 

Although the detailed missions of offense and defense are not identical, 
the over-all objective of both is the same: to deter war, and, in the event 
hostilities eventuate, to defeat the enemy. In aerospace operations this com- 
mon objective necessitates the very closest interaction between offense and 
defense in planning and execution. 

In a sense, this need for interaction establishes an inseparable partner- 
hip between our strategic offensive forces and aerospace defense forces both 
inthe deterrent role and during actual operations. 

The main ingredient of our deterrent philosophy—the ability of our 
tategic offensive force to strike with war-winning strength—is characterized 
by diversification of weapon types and delivery means, by ‘dispersed deploy- 
ments, and by the ability to “go” when needed. Tactical warning, a defense 
sponsibility, provides a basis for the “go” decision. Active elements of 
lefense also interact with the offense in deterrence by preventing the enemy 
om mathematically calculating his chances of success. In other words, active 
defense prevents the “free ride.” The existence of our defense compels the 
‘remy to build greater numbers of more elaborate, complex, and _ costly 
ittike weapons for overcoming it. All these factors raise the price of admission 
for the enemy, thus detracting from his own defensive efforts against our 
offensive forces. This detraction from his defense in turn increases the net 
deterrent capability of our strike forces. 

Our offensive weapon systems must not be subject to losses through mis- 
directed friendly defensive actions. Nor can we dilute the defensive strength 
of our over-all aerospace force by actions against friendly weapon systems. 
For example, by engaging and perhaps destroying friendly forces (possible 
ilunidentified and within attacking range), our fighters or missiles would be 
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Another argument in favor of single command over all strategic offensive fore 
is the increasing urgency of constant, consistent evaluation and decision on tly 
proper mix in our strategic aerospace forces. Consistent with a steady, maximw 
national posture, at what point in time and technological progress should tly 
manned bomber relinquish the principal role in the force to the ballistic missil 
When, to what extent, and how should the new space systems be integrated into |! 
force? The security and the economy of the Nation may well depend on the answe! 


helping the enemy. Or if our interceptors destroyed tanker aircraft returniti 


to their bases to recycle and refuel other waves of our bombers, large gj 
in our offense would result. This cannot be allowed to happen. Only va 
close interaction can prevent it. 

The partnership between offense and defense that must exist needs sing 
direction at a level above both forces. How time affects the offensive and ¢! 
fensive functions has been discussed. The same philosophy and rationale als 
apply to interaction between them. The need for common aerospace doctti! 
has long existed; the need for interlocking and simultaneous execution }) 
separate functional forces of tasks based on common doctrine is only no 
coming to the fore. As the element of time shortens, many of the actiol 
that combine to provide aerospace power must be performed all at ont 
The situation resembles a concert—only by playing their instrumental pal! 
taken from the same score do all the musicians know what and when to pl 
to achieve harmony instead of discord. 

Today extensive plans exist among various offensive and defensive ¢ 
ments covering exit and recovery of strike forces. All these efforts are of the 
operation and coordination type. Months and even years are required | 
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reach agreements or to make changes. As reaction times shorten, so must 
the time required to make decisions. The answer lies in active and effective 
single over-all direction of strategic offensive and aerospace defensive forces 
at a level above the active command of each force. 


A Look Further Ahead 


ILITARY Organization and weapon requirements have always followed 

technology. This pattern will continue as new aircraft, missiles, and 
spacecraft are conceived and developed. Men resist change. It is natural to 
feel a sense of uneasiness when familiar equipment and familiar ways of 
doing things become obsolescent or obsolete. A real danger facing those 
responsible for over-all military organization and strategy is a misguided 
loyalty to the “good old days’—to past stages of our growth. Weapon sys- 
tems have changed and will continue to change, and so must the organization- 
al setup needed for winning the strategic offensive and for controlling aero- 
space. 

As we progress further into the aerospace age it may become increasingly 
dificult to organize for separate military tasks with the degree of functional 
refinement now recognized and required. Operation of satellite communica- 
tion systems, for example, will serve the entire community, and there will be 
extensive sharing between military and civilian agencies to prevent duplica- 
tion and reduce costs. 

There is a growing similarity in equipments being designed for differ- 
ent aerospace purposes. The Midas system is an excellent current example. 
In the near future one can envision requirements for manned and unmanned 
vehicles that are quite similar and perform many other space tasks, such as 
maintenance of equipment, transportation of personnel, and inspection of 
unidentified objects. 

Ground command-and-control elements will be completely interlaced. 
Launch facilities for space vehicles will serve many civilian and military 
needs. Large boosters can be used with any number of different payloads. 
What does all this lead to? Is there a recognizable next step in organization 
beyond that previously discussed? 

The attempt to answer reveals a challenging thought. Time is forcing 
greater interaction between military operating elements. Technology points 
0 multipurpose equipments. Economy dictates prudent use of available 
(sources. Perhaps inevitably the answer will be a merger of strategic offense 
and aerospace defense into a single strategic organization. The logic is clear 
when, for instance, during hostilities it becomes only a delicate matter of 
timing whether interception and destruction of a hostile space object is by 
an offensive strike at its launch base or by a defensive action against it as an 
attacking target. 


Headquarters Strategic Air Command 
and 
Headquarters Air Defense Command 








Effective Aerospace Power 


1. 
Deterrence: The Hard Questions 


BRIGADIER GENERAL NOEL F. PARRISH 


HE WORD “deterrence” stems from the same root as the word “terror; 

and its basic meaning is “to turn aside, restrain or discourage through 
fear.” The deterrent concept as it developed in this country and in England 
followed the meaning of the word. It was simply the idea of preventing an 
action by posing the threat of a counteraction. 

Like many overworked abstractions the concept of deterrence has now 
served as a grindstone for many axes. Its consequent deformation has some 
how escaped notice. A review of the rapid shifts in the meaning attached 
this word over the past few years is revealing. 

From the beginning, deterrence had to mean more than mere resistanct 
It meant a prepared riposte of sufficient strength to inspire fear. When the 
Soviets after 1946 began to add territory through the pressure of their hug: 
armies, they had to be deterred by the threat of military reaction. The 
were certainly not vulnerable to a counterinvasion or to blockade. ‘The onl 
counteraction they had reason to fear was air action. Because the United 
States possessed atomic bombs in sufficient numbers and the aircraft t 
deliver them anywhere on the globe, this counterthreat of air action wa 
fearful enough to “discourage” further conquests by land armies. 

It was this situation that inspired Winston Churchill’s famous statemen! 


on 31 March 1949: 


I must not conceai from you the truth as I see it. It is certain that Europe would have 
been communized and London under bombardment some time ago but for the deterrent 
of the atomic bomb in the hands of the United States. 


This was the most important early use of the word “deterrent” in the 
broad sense in which it was to be used in the succeeding ten years. Church 
ill’s term was soon repeated in this country by Secretary of Defense Louis 
Johnson in June 1949 at the National War College: 

. . . [air power] has passed through a period of adolescence to find maturity in a concept 

of strategic air bombardment. Thus the threat of instant retaliation through an air offensive 

has become one of the greatest deterrents to war today. 

It is interesting that Johnson used the phrase “deterrents to wal. 
Churchill had spoken of a deterrent to Communization as well as to wal 
Communization without war had occurred in the case of Czechoslovakia “ 
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1947. But when the road to Berlin was blocked a year later, the United 
States firmly determined to counter the pressure of Red superiority on land 
and immediately moved two squadrons of B-29’s to England. This was the 
first overseas deployment of an important segment of U.S. power, other 
than occupation forces, since World War IL. Mr. James Forrestal, then 
Secretary of Defense, explains very clearly in his published diary how 
completely dependent were the United States and the Free World on this 
counter to the threatened Communization of Berlin. Czechoslovakia had 
been lost without war; Berlin had been saved without war. So Churchill’s 
reference to a deterrent against a Communist takeover was more accurate 
than Johnson’s “deterrent to war.” 

Churchill, rather than Johnson, was again proved right when war was 
necessary to prevent a Communist takeover of South Korea. This event made 
it dear that our deterrent must be more than simply a deterrent to war. 
Certainly the Communists had no intention of getting into a war with the 
United States in South Korea. All they wanted was South Korea. President 
Truman surprised them when he decided that military force must be used 
if necessary to keep them from having it. As Churchill had indicated, de- 
terrence was already a far more complicated problem than just deterrence 
of war. We were somchow deterred from using our most effective weapons 
while the Communists were not deterred from employing their unlimited 


manpower. 


Arter the beginning of the Korean War it was the practice to 
say that atomic weapons were a “deterrent to World War III.’ A considerable 
war was being fought, and these weapons were not being used. “Deterrence” 
had become a popular word, so it was not abandoned. Instead, its meaning 
was narrowed. General Hoyt Vandenberg stated at a Senate hearing in May 
1951 that “the United States Air Force had, in my opinion, prevented the 
enlargement of the Korean conflict into World War III.” 

The dread of atomic war had already risen to such a point that the 
nonatomic “conflict’” seemed relatively unimportant. The dread continued 
to rise, and it prevented the use of atomic weapons to save the French in 
northern Indo-China. This second failure to use the atomic weapon to 
prevent stalemate or defeat in conventional warfare led Denis Healy, a 
prominent member of the British Parliament, to summarize the matter neatly: 

It cannot be denied that the deterrent value of atomic striking power has seriously depreci- 

ated through the West’s proved reluctance to use it. From the experience of the last five 


years, it would appear that a general threat of atomic retaliation may well invite the Com- 
munists to prove Western intentions by local military adventures. 


Nevertheless after the defeat in Indo-China was written off at the 
Geneva Conference, it faded from public consciousness. The old theory that 
nudear bombs are a deterrent to “war,” per se, was revived. This revival 
Was a necessary outgrowth of Secretary of Defense Charles Wilson’s doctrine 
of “more bang for a buck” and his tendency to boast of the increased 
Wilson’s claim of increased effectiveness 


power of a reduced Air Force. 
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depended almost entirely on the production of more powerful nuclear 
weapons. Wilson and his fellow spokesmen seemed convinced that a simple 
increase in the area of destruction that our weapons could produce would 
deter war completely. The fact that the Russians were also producing more 
powerful weapons was flatly ignored. 

The most explicit of these spokesmen was Secretary of the Air Force 
Donald Quarles (later Under Secretary of Defense), who made maximum 
use of the theory that merely increasing the terror of warfare would prevent 
any kind of war because any kind of war would surely develop into the 
most terrible kind of warfare possible. He often repeated this theme: 


. . . It seems clear to me that war between nuclear powers will be or will become an all- 
out nuclear war and that neither side can emerge from such a war with anything that can 


be called victory.... 

This was a shaky premise indeed. It was resisted by many Army and 
Navy spokesmen, as well as some civilian theorists, such as Henry Kissinger, 
who argued that there could be such a thing as graduated deterrence in. 
volving packages of forces (mostly land and naval) to act as “fire brigades.” 
These packaged forces, they said, could extinguish “brush-fire wars’ or some. 
how “limit” wars which could not be “extinguished.” Their theory was, 
and is, that so-called “limited wars” are not limited by superior strategic 
power. They ignored the fact that superior air and atomic power had 
limited the action of the Chinese Communist Air Force and enabled our 
troops to operate congested ports and supply lines in Korea without being 
bombed. They saw the Korean War “limited” principally by the presence 
of our numerically inferior ground forces, “supported” by sea and air forces. 

It was during this period that all types of military organizations began 
announcing that they were “deterrent forces.” The whole concept was 
rendered almost meaningless through its application to every kind of uni 
formed aggregation. It was often said that our land forces, our naval forces 
our support forces—in fact everything we possessed—were part of the “de 
terrent.” This application of the word to practically every military agency, 
and many civilian agencies, seemed to make them all happy. Since the mean: 
ing of a word can be inflated without financial loss, such inflation of “good” 
words is probably inevitable. 

At this point the whole theory of deterring “limited” wars and “general’ 
wars became rather confused, and so it remains today. There is talk of 
“limiting” local conflicts by conventional fighting and also talk of limiting 
them by atomic weapons seldom or sparsely employed by our side and 
never employed by the enemy. Army spokesmen, such as Secretary Wilber 
Brucker, painted a picture of deterring big wars by fighting little wars, while 
Mr. Quarles and others were speaking of deterring little wars entirely by 
the threat that they might become big wars. 

It is easy to understand how the public confusion on these matters 
matches the professional contradictions. As years of relative peace g0 by, 
the hope arises that no wars of any kind need ever be fought. There att 
those who argue that the destructive power of the modern armament in ou! 
hands today deters war, and there are those who argue that war will be 
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less likely if we give up these weapons. Strangely enough, it is often the 
same people who advance both these contradictory arguments. 

There are those who argue that small “mobile” forces are the best 
guarantee against big wars because they prevent little ones from spreading. 
The majority, however, of those who speak of deterrence today have returned 
to the original position that was developed when atomic weapons were 
scarce in the Soviet Union. They maintain that the increasing destructive- 
ness of modern air weapons deters all forms of war through the threat of 
devastation, although the devastation might now be mutual. 


Te hardest question of all is what happens when an enemy, 
who was said to be deterred by superior weapons in our hands, begins to 
build similar weapons more rapidly than we. As we have seen, for a period 
of some ten years, from 1947 to 1957, the theory of deterrence, regardless 
of its ramifications and complications, was basically the theory that an enemy 
can be deterred from all types of aggression as long as we possess superior 
forces to defeat him at some higher level of conflict. 

Mr. Finletter, General Vandenberg, and others repeatedly stated that in 
order to deter effectively our best weapons must be clearly superior to the 
enemy’s weapons. Beginning in 1954, however, this position was undermined 
by an argument that we can somehow deter without matching our enemies 
man for man, or plane for plane, or missile for missile. 

This new challenge to the theory of deterrence brought about a sudden 
and significant shrinkage in the meaning of the word. No longer did it mean 
deterring the Soviets from attacking our vulnerable allies or from pressuring, 
compromising, and Communizing them. Deterrence came to mean deterring 
a direct Russian attack against the United States itself. When the word is 
used today, it is almost always used in this new and very restricted sense. 

If we are to be satisfied with an inferior force, and if this inferior force 
isto be, by our own choice, subjected to an initial Communist attack, then 
we can look forward to having very little residual strength for aiding our 
allies. If we once deterred, as we said we did, through the superiority of 
our forces, then an acceptance of the superiority of Communist forces would 
necessarily mean that we ourselves are deterred. 

Our most important allies occupy areas that can be easily and quickly 
overrun by Communist land forces unless such a movement is stopped by 
powerful weapons that can be delivered very quickly. If responses of this 
ype are ruled out, we must be satisfied with forces capable only of a desper- 
ate counterblow in case we are attacked directly. Then it is the United 
‘tates that is deterred from carrying out its 14-year-old policy of containing 
Communist aggression by the threat of effective countermeasures. 


It seems quite clear that we should now cease being complacent 
about a deterrent that can do no more than discourage a direct atomic attack 
against the United States. The real and present problem is to develop a force 
which could resist such an attack and still be strong enough to overwhelm 
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an enemy, not merely damage him less than we ourselves are damaged. Our 
force has to be able to defeat an enemy and not merely to bring a superior 
enemy force down on our own heads. 

Deterrence can be compromised in some degree by counterdeterrenc 
even where the counterdeterrence is inferior. Counterdeterrence has beep 
an increasing problem for the past ten years. If the counterdeterrent forc 
raised against us should become superior to our original deterrent force, 
then we would indeed be in trouble. 

We do want to deter war and maintain peace, but we want to do it 
without abandoning the rest of the world to Communist pressures and 
penetrations. Those who have argued that we can achieve these aims with. 
out surpassing the Communists in the size and effectiveness of our most 
powerful forces have left all the hard questions unanswered. The answers 
will have to be provided, both in theory and in substance. The cost may 
be high, but the cost of procrastination will be higher. 


Headquarters United States Air Force 


2 
Counterforce 


LIEUTENANT COLONEL DONALD F. MarTIN 


ETERRENCE of war is a primary national objective. General nuclear 

war has been called “self-defeating” because the attacking nation as well 
as the defending nation would be “destroyed.” Words like “holocaust,’ 
“mutual homicide” (preferred by some to the inaccurate term “mutual 
suicide”), “mutual annihilation,” and “Armageddon,” are used to describe 
the utter futility and finality of total nuclear war. 

A common image of general nuclear war is one of a contest of carnage. 
The results of such a conflict are believed to be so terrible that most people 
can visualize only one massive exchange of destruction so enormous 4s (0 
be beyond comprehension. The horror of such a vision is so repelling that 
it causes one to reject general nuclear war as impossible. 

As part of this feeling, the fact that no general nuclear war has yet 
occurred is sometimes offered as proof that “deterrence through terror” reall} 
works. But for the military, and in particular the Air Force, which would 
have to employ most of these “terrible weapons of mass destruction,” such 
a cursory examination of the problem is not enough. It is our responsibil 
to make a much more penetrating analysis of this thesis in an effort to deter 
mine its validity. 

While most people agree with the intent of deterrence, there is 
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tremendous difference of opinion as to how we can achieve it. The two most 
contradictory views are (1) deterrence through indiscriminate terror, and 
(2) deterrence through military superiority. Deterrence through terror em- 
phasizes and maximizes death and destruction. It is based on the assumption 
that because nuclear war is inherently so destructive we need only possess 
the capability to kill most of the attacking nation’s people and devastate 
its urban areas to preclude war. Deterrence through military superiority 
sees the primary requirement for deterrence as an ability to win a war— 
with deterrence as the logical result of evident and superior visible military 
strength. 

Because deterrence through terror is so easily understood by the general 
public and because American military superiority was long taken for granted, 
many Americans think that deterrence through terror is all we need today. 
The more complex requirements of a superior military force are often diffi- 
cult to explain. Yet when the necessity for an adequate counterforce capa- 
bility is well presented, the theory of deterrence through terror becomes 
questionable. 

Unfortunately the nature of counterforce operations and the necessity 
for them are often misunderstood even by military men. The confusion 
that inevitably results from an attempt to integrate the two contradictory 
philosophies serves to produce a mongrel military force optimized for neither 
strategy and inadequate for both. The military force we have today and the 
force we are building for tomorrow can be directed toward one of two 
different goals: deterrence through terror or deterrence through strength. 
One goal would guarantee that our Nation and our people will not survive 
a nuclear war; the other would seek to ensure that we survive and perhaps 
win decisively. 


deterrence through terror 


It would appear, from the volume of material written about the destruc- 
tive nature of nuclear war, that a segment of the Nation has accepted a 
nuclear stalemate as a desirable condition. There is evidence of a feeling in 
some quarters that we should today be acquiring systems of destruction de- 
signed to completely erase a nation from the face of the earth. Some people 
believe that the Air Force is actually in the process of building such devices 
for indiscriminate destruction. This, of course, is not true; if it were true, we 
would be concentrating on means more suitable to that approach, such as: 


e large, multimegaton weapons. If the purpose of military force were 
simply to create widespread destruction, the problem would be simpler. There 
appears to be no upper limit on the size of nuclear weapons that could be 
used effectively for the purpose of devastation. Yet there is no indication that 
such multimegaton weapons are being prepared. 

e larger missiles as delivery vehicles. Today and for some time in 
the future, ballistic missiles promise to be the simplest and surest method 
of delivering nuclear destruction upon an enemy. It would appear, then, 
that if indiscriminate destruction were our goal we should be building 
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ever larger rockets to carry ever larger warheads. Simple calculations will] 
show that a few hundred multimegaton weapons properly applied against an 
industrial, urbanized nation, such as the United States, can reduce that 
nation to ruins and its population to a small percentage of survivors. If 
deterrence through terror is to be our strategy, we should be seeking the 
most economical way to destroy an enemy. The military force which we are 
building today is hardly the most economical way to purchase deterrence 
through terror. 

e surface burst for maximum fallout. If deterrence through threat 
of devastation were our goal, we would want to set the bulk of our nuclear 
weapons for surface burst so as to create a maximum amount of radioactive 
fallout. Not only would we attempt to kill people by blast and by thermal 
and initial nuclear radiation, we would also want to optimize the lingering 
radiation, since it would kill people over a much larger area. 

e weapons for application primarily against cities. Perhaps the easiest 
bulk of the population. Again, a large number of weapons is not required. 
way to destroy a nation is to incinerate its major cities and with them the 
Cities are completely vulnerable to attack by nuclear rocket. The rocket 
with its nuclear warhead has made it comparatively easy to create a force 
which can eradicate urban areas. 

© biological weapons for pestilence and starvation. If our search were 
for the optimum in terror, no method should be overlooked. Nuclear weapons 
are not the only means to create a force capable of causing terror. Biologi- 
cal weapons could offer the means to kill the majority of the people of a 
nation. They can be designed to kill animal life and destroy plant life. 
With these weapons the population of a nation could be greatly reduced 
through pestilence and starvation. 

e gigaton weapons. Herman Kahn of RAND Corporation, author of 
On Thermonuclear War* has used the term “doomsday weapon” to depict a 
device which could literally destroy the world and its inhabitants. On a 
smaller scale we might visualize gigaton weapons (i.e., weapons of several 
hundred megatons) carried aboard submarines or surface ships. The pur- 
pose in constructing such a device would be to cause a gigaton explosion 
close to the border of the enemy nation. If exploded offshore, it would 
throw up a surge of water that would inundate the surrounding low-lying 
areas. The radioactive fallout from the explosion would cover hundreds of 
thousands of square miles. Gigaton devices could also be placed in earth 
satellites in a low orbit. Since one of these devices could incinerate an 
area from Boston to Washington, a few such weapons could virtually 
incinerate a nation. 


These are some of the means by which we could attempt to create 4 
force truly capable of wiping out a modern nation. There is almost no limit 
to the fantastic weapons of mass destruction that can be built. They could 
perform the relatively simple task of killing civilians far more cheaply than 
the forces we have today. But would such a force, especially designed for 


*Princeton University Press, Princeton, New Jersey, 1960. 
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terror and mass destruction, actually deter an attack against our military 
forces themselves or against our allies? 

How could we respond to an enemy attack directed solely at our mili- 
tary force if our cities and people had been deliberately spared? Compre- 
hensive calculations indicate that if our military forces located within the 
United States were attacked with utmost discrimination by nuclear weapons 
we would suffer on the order of 10 to 15 million casualties—this is without 
a civil defense program. Although an attack on our forces which rendered 
5 to 10 per cent of our population casualties would be unprecedented and 
certainly catastrophic, it would only preface a decision even more frighten- 
ing. We would have three alternatives: 

a. We could retaliate against the enemy’s cities and people. If we did, 
the enemy in reprisal could raise our casualties to 90 per cent of our entire 
population, and we would still lose the war. 

b. We could retaliate against the enemy’s military force. Yet if we had 
only a force for terror, which does not need to be very large, the portion 
remaining after a surprise attack would be ineffective and inappropriate. 
It would be a mere remnant of a force which was never designed for the 
dificult job of destroying the enemy’s military force. We would lose the war. 

c. If we did not wish to sacrifice an additional 80 per cent of our popula- 
tion and recognized our inability to destroy the enemy’s military force, we 
could choose not to respond at all. Of course in this case also we would 
lose, but the bulk of our people would still be alive. 

Hope springs eternal, and it may be that our nation would not choose 
to die a futile death. If the terms of cessation advanced by the attacker 
were more attractive than “suicide,” there is considerable reason to believe 
that we might elect to negotiate rather than end the life of both our country 
and most of its people. 

It should be apparent that a terror force cannot be used to protect an 
ally. How could we protect an ally with a force which is self-defeating if 
employed? Even if we made a statement of intent to choose the course 
leading to national suicide, would the enemy—or our allies—really believe it? 

Honest answers to such hard questions expose the fatal weakness of 
deterrence through terror: its inability to protect our country from anything 
‘xcept a direct, purely terroristic attack. It could not protect even our 
nilitary forces themselves. We are extremely fortunate that this Nation has 
not, as yet, chosen to rely on the element of terror for our protection. The 
danger remains, however, that terror as an instrument of national policy 
will continue to be attractive for reasons of economy. The comfort which 
‘omes to the uninformed from thinking that nuclear war will not happen 
Xcause it is simply “unthinkable” could bé our undoing. 


deterrence through strength 


When two nations possess nuclear weapons and effective long-range 
delivery systems, the people and cities of both nations are vulnerable to 
indiscriminate, area-type destruction. Cities, because they and the people 
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within them are so defenseless, are well suited to destruction by nuclea 
weapons. The need for accuracy in delivery vehicles to destroy such targets 
is minimal. So is the number of weapons required. Because the vulnerability 
is mutual, it is to the advantage of neither side to destroy the opponent; 
cities so long as the opponent has weapons with which to effect reprisal 
City-trading is not a profitable military tactic, especially when most of the 
civilian population is lost in the trade. 

The purpose of military force in war has been, is now, and must con. 
tinue to be to achieve military dominance. If a nation has a force which can 
fight and win a war and if the possible opponent sees that this force car 
win, the result must be deterrence. Still deterrence can fail. The enemy in 
comparing our capabilities with his could decide that he will win. 

“If deterrence fails...” is often said in the context that, because war 
has occurred in spite of a policy of “deterrence,” deterrence then ceases t 
exist. In actual practice, deterrence does not cease to exist at the outset o/ 
conflict. Deterrence in some of its many forms continues throughout a con 
flict. As recently as World War II and the Korean War it has been t 
mutual advantage to spare hospitals, to designate open cities, to refrain 
from the use of poison gas, to keep prisoners alive, etc. These are al 
examples of a form of deterrence. Despite such examples of deterrence in 
war, some people have proposed complete elimination of such deterrence and 
deliberate resort to a national policy of “total destruction.” Never before in 
modern times has it been proposed to wage “total destruction.” 

The Air Force has three principal objectives in general war: 

e To gain military dominance over the enemy by destruction of his 
military force 

e To limit damage to the United States and her allies 

e By so doing, to achieve a favorable outcome. 


The enemy’s military force can be attacked and destroyed with minimum 
damage to urban areas. For example, a relatively small nuclear weapon a 
curately placed on Andrews Air Force Base in the environs of Washington 
would neutralize that base without extensive damage to the city. A mult: 
megaton weapon used against Andrews would destroy a large portion of the 
city but would be inappropriate for the target. The result of using an over! 
large nuclear weapon would be the deliberate destruction of civilian pop: 
lation. Yet even this destruction would conceivably be less than that causéd 
by dropping the weapon directly on the city itself. 

Even military planners oftentimes forget that a one-kiloton nuda 
weapon placed within 100 feet of a target will create an overpressure of 
1000 psi on that target. With sufficient accuracy, there is no justification for 
using the largest-sized nuclear weapons to destroy even hardened and suptt 
hardened missile sites and hardened command centers. The requirement fo! 
explosive strength increases as the cube of the increase in distance off tatgt' 
So lack of precision in the application of warheads can cause planners ” 
resort to the use of the largest nuclear weapons to increase the probabilit 
of target destruction. 


a 
that yo 
to all | 
be loca 
require 
history. 
forces « 
through 
will rec 

Let 
It is en 
operatic 
capable 
thinking 
much st 
portant 
weapons 
be given 
provided 
degrade 
with acc 
destroy n 
One 
Hunting 
have a t 
bility is 3 
omes mc 
0 have | 
liscrimin 
To s 
requires | 
would ap 
Yates is 
imple, th; 
f force. 
raft, and 
attack is | 
the decisi 
5 lengthe: 
nduding 
5 indisper 
Some 
taft has t 
‘ious one, 
iffensive f 
flensive fi 








nuclear 
h target 
1erability 


yponent) 
reprisal 
st of the 


ust con: 
thich can 
force can 
enemy it 


‘auSe Wal 
ceases to 
outset 0! 
ut a COM: 

been t 
0 refrain 
e are all 
rrence in 
rence and 
before in 


on of his 


minimum 
eapon ac 
ashingtoi 
A multi 
ion of the 
an overl) 
ian popl: 
rat caused 


n nuclea 
ressure 0 
cation for 
and supét 
ement fo! 
off target. 
lanners (0 
yrobabilit 


= 


EFFECTIVE AEROSPACE POWER 157 


There are those who say that counterforce is a desirable objective but 
that you can’t find the enemy’s military force. Yet never in history has access 
to all targets been so complete. The enemy’s military force can, of course, 
be located and destroyed. For some targets time and continued effort may be 
required, but all can be reached and attacked more quickly than ever in 
history. Fixed targets can be destroyed by aircraft and missiles. Even mobile 
forces can be found and attacked. Slowly moving systems can be located 
through reconnaissance and attacked with missiles. Swiftly moving systems 
will require hunter-killer tactics. 
Let us suppose that an enemy decides to build a rail-mobile 1cBMm force. 
It is entirely feasible to employ aircraft such as the B-52 for hunter-killer 
operations against such a force until we possess a space force even more 
apable of hunting down and destroying mobile earth systems. If we stop 
thinking in terms of multimegaton weapons and consider employing the 
much smaller weapons which may be more appropriate for the most im- 
portant military targets, we can use the B-52 to deliver many small nuclear 
weapons. A B-52 with a load of small nuclear weapons could very conceivably 
be given a mission to suppress all trains over a specified geographic area, 
provided that we have properly and effectively employed our missiles to 
degrade enemy air defenses to the extent that the aircraft could penetrate 
with acceptable attrition rates. The subsonic B-52 could be used then to 
destroy mobile as well as fixed and hardened targets. 
One indispensable requisite of a hunter-killer aircraft is endurance. 
Hunting down targets is often a time-consuming business. We do not today 
iave a true strategic hunter-killer aircraft. Our lack of a hunter-killer capa- 
bility is not fatal today, but if a large part of an enemy’s strategic force be- 
comes mobile, or its location uncertain, then it will be of crucial importance 
0 have a weapon system to search out and attack the enemy force with 
discrimination. 
To seek out and destroy mobile or imprecisely located strategic forces 
requires time. The argument is used that we will not have that time. It 
would appear that this argument ignores the survivability which the United 
Mates is building into its military force today. It is inconceivable, for ex- 
imple, that an enemy surprise attack could wipe out the bulk of a Polaris type 
if force. The same is true for the mobile Minuteman, airborne-alert air- 
raft, and dispersed, hardened missiles. When survivability against surprise 
ittack is built into strategic offensive systems, the result is a lengthening of 
the decisive phase of general war. When the decisive phase of general war 
S lengthened, time becomes available to implement a counterforce strategy, 
ndluding hunter-killer operations. How else could military dominance, which 
‘indispensable to successful conclusion of a* military conflict, be achieved? 
Some people argue that an enemy will fire his missiles before an air- 
raft has time to search out and destroy them. This argument, like the pre- 
‘ious one, fails to take into consideration survivability of the strategic 
iflensive force. If an enemy cannot destroy the majority of our strategic 
flensive force in his first strike, it would be suicidal for him to employ his 
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remaining missiles against our cities. Of utmost importance in any war; 
the holding of forces in reserve. 

Those who say that the enemy will promiscuously fire all his missiles, 
once ignore the principle of maintaining a force in reserve. If a nation of 
hausts its strategic offensive force without having completely destroyed tk 
opponent's offensive force, it will have been beaten, for its opponent q@ 
apply his residual weapons at will and in whatever manner he may choog ‘ 
And building survivability into a strategic offensive force denies the eneny 
the capability to virtually annihilate his opponent's strategic offensive fore 
by surprise attack. Under these conditions both nations will probably considg 
it imperative to have nuclear weapons in reserve. One of the primary pu 
poses of our withheld or reserve force is to deny the enemy the opportuniniigy 
to destroy our cities without inviting the destruction of his own. 

A very careful analysis as to the impact on the United States of a tem 
strategy versus a war-fighting strategy has led to certain conclusions: 

a. If an aggressor launched a surprise attack against our military forg 
and we responded against his military forces, some 5 per cent of or 
population would not survive. 

b. If an aggressor launched a surprise attack against our military fore 
and we retaliated against his military forces and cities, some 90 per cent of ou 
population would not survive the counterattack against our cities. 

Thus the difference between these strategies can be measured in terms ¢ 
about 150 million more American dead under the strategy of retaliatio 
against cities as well as military forces. 

Looking ahead to 1965 when an increased number of nuclear weapos 
should be available, we can expect these differences in industrial dam 
to the United States: 

a. If an aggressor launched a surprise attack against our military for 
and we retaliated against his military force, we could expect less than 5 pe 
cent damage to our industry. 

b. If an aggressor launched a surprise attack against our military fon 
and we retaliated against his military force and cities, we could expect #) 
per cent of our industry to be destroyed. 

The difference between these strategies can also, then, be measured 1! 
terms of losing one half of our industry as opposed to having almost all 
it intact. 

The foregoing are powerful arguments for accepting a counterfot 
strategy favoring survival rather than a strategy tantamount to suicide. Tl 
difference in the strategies can be measured in terms of this Nation’s (ol: 
tinued existence. 
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As the horizons of aerospace combat have broadened and deepened 
since World War II, the support of aerospace forces has also extended 
to new dimensions. These dimensions must continue to expand if the 
combat forces are to remain dynamic. The tremendous compression of 
the decision time in modern war demands not only that the combat 
forces be ready to fight instantaneously but that their essential materiel 
be at immediate hand for their sure and swift resupply. Bases secure, 
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alert, dispersed, and hardened must launch counterstrike forces in 
minimum time at the outset of war. The complexity of the action wil 
demand superior men—men of training, motivation, and skill equa 
to accepting the trust, the task, and enigmas of combat such as man 
has never seen. And underlying all is the planning that must prepare 
for all, the dovetailing and blueprinting of the intricate processes of 
instantaneous, successful response to any attack. 

Part III presents the logistics of aerospace forces, their basing, 
their manning, the systems for their command and control, the pro- 
cedures for establishing their sound requirements, and principal cor- 


siderations in their financing. 
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Aerospace Logistics 


GENERAL SAMUEL E. ANDERSON 


Py4HE SUPPORT of military operations must ultimately derive from the 

Nation’s economic resources. This support is not automatically forth- 
coming, nor does it automatically assume the required size, composition, or 
proportions. If it did, there would be no need for logisticians or a logistic 
system. 

Logisticians are responsible for the effective support of military oper- 
ations. They must determine the precise types and amounts of resources re- 
quired for this support, obtain these resources, and make them available to 
the operational forces at the proper time and place. To do these things, 
they must design, construct, and operate the logistic system. 

The logistic system could be considered to be the bridge that connects 
military operations with the national economy. It is the medium through 
which economic resources of all types are channeled, including personnel, 
services, and vital technical know-how as well as items of materiel, and from 
which they emerge as clements of effective support. This bridge must nec- 
esarily be constantly renovated as changes occur in weapons and concepts 
of warfare and in patterns of economic behavior. If the logistic system is to 
he kept up to date and capable of meeting the demands made upon it, logis- 
tiians must ceaselessly search out new techniques and concepts for logistic 
support. 

This process of constant revision of the logistic system is not new, but 
itis more clearly discernible today because of the rapidity with which it is 
occurring. Measured by the more leisurely time scale of the past, centuries of 
change have been crowded into the few brief decades that separate the massed 
bomber fleets of World War II from the manned spacecraft of tomorrow. To- 
day we stand between these two milestones of aerospace power. It is a unique 
position. Never before has it been possible to encompass so much technologi- 
cal change in weaponry with such short looks into the immediate future, and 
thus to convey so much insight into the way the logistic system changes 
through time. 

We will examine the changes in the logistic system during the era domi- 
nated by the massive manned air forces of the 1940’s and 1950's, the era 
just ending. We will then look to the era just beginning: the logistic sys- 
tem being designed for the support of mixed aerospace forces. Finally, we 
will note some of the major characteristics of the logistic system of the future, 
the era of manned aerospace forces. 
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In support of Air Force constant combat readiness, AFLC’s Logistics Ai} ductive 
Transport Operation (Logair, shown on map) flies high-priority and high-cos{ were we 
items to air units around the world. Promptness of supply with minimun] forces 
number of items in pipeline is particularly necessary for ballistic missile. | became 
Thus a Thor IRBM (top right) is loaded into a C-124 at a ZI depot for & | struck b 
livery in England. And the Atlas ICBM (above) goes into a C-133 at the depo, known j 
Norton AFB, for airlift to a SAC launching base, Francis E. Warren AFB. 
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Evolution of the Air Logistic System lation 2 


IR logistics, like air power itself, came of age during the Second World 

War. In that conflict the combination of tremendously large forces, rathe! 
complex equipments, great distances, relatively slow transport, manual rec 
ord-keeping and requisitioning, and voice and teletype communication 
resulted in the creation of a logistic system capable of dealing with greal 
quantities of materiel. Key elements in this system were the huge repair 
cilities and massive stores of stocks deployed all over the world. ‘The structutt 
had to be massive to support the large fleets of aircraft characteristic of thai 
stage of warfare. It was condemned to slowness by the transportation and 
communication limitations of the time. 

Yet it served us well, for in that war massiveness of action rather tha 
quickness of response held the key to victory. 

The years since the end of the war have seen this emphasis on mass lo 
gistics disappear as the tremendous destructive potential of modern air pow 













brought about significant reductions in numbers of aircraft. Especially in 
the years following the Korean War the Air Force made rapid progress in 
developing a more precise, specialized logistic system, tailored to the indi- 
yidual needs of the costly, complex, and constantly changing weapon systems 
ithat began to enter the inventory. Faster transportation and communica- 
tion, high-speed electronic data processing, and highly sophisticated sta- 
tistical methods of computing requirements all were tools that logisticians 
used in creating this new system. The results were gratifying. It now became 
possible to eliminate most overseas depots by supporting operational forces 
direct from installations within the zone of interior. Significant decreases 
also were made in depot facilities at home, as we substituted more precisely 
controlled support for inventory bulk. One of the most significant develop- 
ments was the “Hi-Valu” concept, through which striking reductions in ma- 
teriel costs were achieved by providing special management attention and 
high-speed communication and transportation for expensive inventory items, 
thus sharply reducing the total number of these items. 

During its early years the logistic system had been strongly mobiliza- 
tion-oriented. This is not surprising, for the mobilization concept is deeply 
rooted in our national consciousness. Always in the past, even after war 
started, we were assured of enough time to bring our tremendously pro- 
ristics Avg ductive industrial structure into support of our military forces. Past wars 
"high-cost were won not with forces in existence when the conflict began but with 
minimum § forces mobilized and equipped during its early stages. Several years ago it 
> mussile. § became obvious that the decisive blows in any future general war would be 
ot for d-} struck by the forces in existence at the outset and that mobilization as we had 


he depo!.} known it in the past probably was no longer possible. 
ren AF. 





Transceiver circuits of AFLC’s Logistics Communications Network (Logcom- 
net, shown on map) speed logistic support by bringing bases and depots in 
two-way contact. Switchboard ties in any transceiver in the Tulsa control 
tation with circuits covering the U.S. (including Hawaii) and England. 
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In contrast to garage-like maintenance present 
of World War II, thirteen of SAC’s B- atively 
52 jet bombers can be overhauled si- instrun 
multaneously in mammoth hangar of services 
SAAMA at Kelly AFB, Texas. Largest imum c 
of its type ever built, the hangar 1s equipm 
conkl a 2000 by 300 feet, the adjoining shops Sens 
SE ee. add 412,000 square feet, and the com- ae 
PORES it z bined structure measures a mile around. _— 
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This recognition caused another major change in the logistic system adjustme 
In terms of maintenance capability, our depot complex had been designe! But 
for maximum expansion to absorb the increased workloads of the expectet 
post-D-day mobilization. Our supply policies were similarly designed to : 
main objective of having on hand at the beginning of the war adequatt 
stocks to sustain the combat forces until a rapidly mobilized industria 
structure could convert to war production. As'we began to realize that w 
no longer could depend upon time as a military resource, support concept 
and capabilities oriented toward an extensive mobilization period becamt F 
more and more unrealistic. We no longer could justify devoting any sizabl won 
portion of our resources to maintaining extensive war-reserve stores of matt lle 


riel or expansion capability either in our depots or in industry. Depot 

This was especially true in view of the unprecedented requirement for day’s 
instant readiness implicit in the shift away from the mobilization concép! 
Since the war would be fought with the forces already in being, they had 
be kept at peaks of maximum peacetime readiness never before attempted 
For the logistician, the traditional distinction between peace and war had 
disappeared. He had now to treat each minute as though it were H-hov! 
minus one, for what he had not done when the war began he might not 
able to do at all. Supply policies were changed to have peacetime stocks, it 
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sofar as possible, in the hands of the operational commands rather than in 
depots, with additional backup in the form of immediately responsive depot 
support. In maintenance similar stress was placed upon maximum self-suf- 
ficiency by increasing base repair capabilities and by realigning depot capa- 
bility to hard-core, sustained, flexible maintenance of vital, first-line weap- 
ons at Maximum peacetime readiness levels. ‘These changes represented a 
major readjustment in the character of logistic support. A new sense of ur- 
gency had been injected into the logistic system. 

Still another major development was the adoption of the weapon system 
concept as a principle of logistics management. The primary management 
orientation of the logistic system during the early part of this period was that 
of commodities or items. The reason is not difficult to find. Compared with 


ance present aerospace vehicles, the aircraft of World War II and before were rel- 
's B- atively simple. A high degree of standardization was possible in power plants, 
d Si- instruments, and armament, as well as in the equipment, skills, facilities, and 
r of services necessary to support them. This standardization permitted a max- 
rgest imum of interchangeability; that is, a considerable number of the parts and 
ar is equipments were common to more than one aircraft. Because of this high 
hops degree of commonness or interchangeability, we found it advantageous to 
ee organize the logistic system in terms of what it did (supply, maintenance, 


transportation, etc.) and to manage in terms of the items of materiel it 
handled (generators, landing gear, instruments, etc.) . The logistic system we 
created resembled a vast network of automotive-type repair shops and parts- 
supply houses capable of servicing all makes and models. Its functional or- 
ganization and commodity management orientation gave it stability and 
llexibility and enabled it to cope with new situations without major internal 
ic syste } adiustments. 
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supported. Individual weapons were increasing in complexity and diversity 
The introduction of intricately designed propulsion, navigation, fire-com 
trol, and bombing subsystems caused much of the interchangeability at com 
ponent and subsystem level to disappear. Problems first began to appe 
during the development of these new weapons. A technique was needed 
ensure that everything necessary for the final operational use of a new we, 
on—including the highly specialized ground support and handling equip 
ment—would be completely compatible and fully developed by the open 
tional date of the new weapon. Management by total “weapon system” 
required. 

To meet this need, a system project office was set up for each ney 
weapon system under development. It was made up of representatives 
the then Air Research and Development Command, the Air Materiel om 
mand, and the using combat command. This office became the focal point 
for all problems associated with a particular weapon during its developmer 
and production phases. It performed the management function of total 
tem integration. On | April 1961 the Air Research and Development Com 
mand was renamed Air Force Systems Command, and the Air Materié 
Command is now called Air Force Logistics Command. With this reorganiz 
tion the system project offices become the entire responsibility of the Af 
Force Systems Command. These system project offices are grouped toge 
into three locations where the old Air Materiel Command already had 
propriate centers: the Aeronautical Systems Center at Wright-Patterson Ai 
Force Base in Ohio, the Ballistic Missiles Center near Los Angeles, and 
Electronic Systems Center in Massachusetts. 

But problems peculiar to a weapon system do not cease to exist the da 
that weapon becomes operational. Support problems associated with modem nal logis 


complex weapons also need to be considered within a total “weapon sy §"™ of ir 
tem management” framework. A logistic support manager was _ therefor of manag 
to the ck 


appointed for each weapon system. These managers are located in the nine 
air materiel area depots. They have world-wide responsibility for the suppor} Prepa 
of their assigned weapon system throughout its operational life, includin; 
supplying it, maintaining it, and modifying it as necessary. They also serv 
as the point of contact between industry as the source and the combat com 
mands as the users of the weapons. Air Force weapons now are “system mal: ; 
aged” from their earliest conception, through their development, production = I 
and operational lives, to final disposal. This is weapon system management § 4 ‘P2¢ 


Of course the logistic system cannot operate entirely by weapon system urcraft, 

It must buy, modify, repair, and distribute by item. Item management 0: wed dex 
tinues to be essential because weapon system support provided by logisti yst€m in 
support managers is based upon the response they in turn receive from ite? J | - 1 
managers. Weapon system management does not replace item managemetl fres 
within logistics. It does provide logistics with a new and vital managemet! ve adval 
orientation. n terms 
To sum up this first period, significant changes were being made in tlt jor chang 
logistic system even before the advent of some of the more advanced weap aft are 
ons now making their appearance. During this period logisticians mat! sala 
: a 





considerable headway in installing responsiveness and preciseness as call! 
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v had i The increasing complexity and diversity of modern 
al 3 weapon systems—such as the Atlas ICBM and the 






SAC B-52 bomber—have required AFLC to shift to 
logistics management by each total weapon system. 
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ist the dar 
h modem, §"l logistic principles; they shifted logistics from a mobilization concept to 


eapon sy; pe of instant readiness; and they incorporated into its structure the concept 
therefor f° management by weapon system. Each of these developments was in response 
1 the nine§ the changing support requirements of the times. Each helped significantly 
1e suppor J Prepare the logistic system for the support problems that lay ahead. 
including 
also serve 
mbat com The Mixed Aerospace Force Logistic System 


stem mal: 
roduction T:. intercontinental ballistic missile has ushered in the era of mixed aero- 


nagemen | 4 space forces. We must maintain a capability in both missiles and manned 
on system urcraft, with missiles increasing in relative importance as they become more 
ment cor fully developed. Significant changes are now being made in the logistic 
by logistic ystem in preparation for the support of this mixed force. 

from itn} 4 many respects each new weapon provides an opportunity for a logis- 
anagemen! Hes “fresh start.” Once the support pattern for a weapon is crystallized, 
nagemett the advantages of major change are usually outweighed by the disadvantages 
terms of cost and possible disruption of support. For this reason few ma- 
ide in the pr changes in the logistic system developed for the support of manned air- 
ced weip Taft are likely to be made, at least in the immediate future. Changes will 
ans mat gr, but probably somewhat later as more-advanced manned aircraft enter 


th a. ¥ . we Tr . . - . . . o 
as card: § °° Operational inventory. The more significant immediate changes in logis 
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tics are associated with the support of the ballistic missile portion of thi 
mixed force. 

The most important single factor that shapes the nature of ballisi 
missile logistics is of course the fact that the missile is unmanned. We mi 
forever be compensating for the man who is not there—the human mind ay 
judgment left behind on the ground. In manned aircraft we were conscioy 
of the problems involved in protecting the frail human organism in fligh 
Now we see the other side of the picture: the mass of complex equipmer 
needed to substitute for that superb but highly vulnerable human mech 
nism. Because there is no flying program to call attention to actual or pote 
tial malfunctions, an elaborate checkout procedure must be developed to uw 
cover them through periodic “exercising” of the missile. Because there is 
human hand at the controls, ground support equipment must be developed 
launch the missile and start it on its initial course. Finally, because there is » 
one to compensate for even minor functional failures, reliability becomes x 
extremely critical factor. 

When we consider that these requirements must be met while maintair 
ing the missile in a state of instant readiness, we begin to appreciate th 
magnitude of the logistics problem involved. And it should be emphasiz 
that it is a logistics problem. Ballistic missiles are not “fought” in the da 
sic sense. They are only “maintained” and then “launched”—and maint 
nance is a logistics function. 
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The operating status of SAGE elec- 
tronic equipment is shown on the 
SAGE computer maintenance con- 
sole (right), manned by IBM field 
engineers. At Hq AFLC,a UNIVAC 
computer (below) is engaged in ac- 
tuarial studies on engine manage- 
ment to gain better planning figures 
for procurement of new engines. 
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The nature of this logistics problem was perceived very early during 
the development of the first generation of ballistic missiles. It was also recog- 
nized that recent developments in logistic tools would enable logisticians to 
cope with the problem in a way never before possible. That the ballistic 
missiles represented a completely new family of weapons was in many respects 
adistinct advantage—there were no old logistic support systems to be revised 
or discarded. We set about designing a completely new system to provide the 
required logistic support. 

The principal advancements which made this new approach possible 
were in the areas of electronic data processing and systems design. The Air 
Force has long occupied a position of leadership in both these fields. It under- 
wrote some of the earliest research and development in data processing and 
at a very early date began utilizing the new computers in its existing logis- 
tic activities. It also made extensive use of techniques of system analysis and 
design in developing some of its advanced weapon systems and their associated 
early-warning and command-and-control networks. These investments in 
new techniques have paid handsome dividends in that they made possible 
anew approach to logistic support. 

The new system which was created differs from its predecessors in two 
important respects. First, it identifies and describes the materiel assets and 
actions necessary to support a specific weapon system and establishes the 
pattern of sequential relationships which must prevail. This in itself is a 
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monumental task—one that system-analysis techniques only recently hay 
made possible. Second, it accumulates in one location all the informatioy 
needed to manage the entire system effectively, an accomplishment now po 
sible because of recent advances in electronic data processing. 

The advantages of this new system are clearly evident. It provides centr 
knowledge of all materiel assets in support of a specific weapon system, 
whether they are in the hands of the operating command, the central depo 
supply system, or the contractor. It eliminates much burdensome paper work 
at the point of use. The user provides consumption data, and automatic 
resupply is forthcoming—the record-keeping is accomplished electronicall 
at the central location. Most important of all, for the first time a significan 
segment of the total logistic system can be managed as a whole, regardless of 
where the items of materiel are located or the logistic actions are taking plac 
This system is now being used in supporting the Atlas, Titan, and Thor 
weapon systems. It is a significant step forward in the development of scien 
tific management in logistics. 

Another milestone in logistic-system design will be reached with the in 
troduction of the Minuteman weapon system. The common complaint oi 
all logisticians has long been that problems of logistic support usually ar 
not considered until well along in the development of a new weapon-so fu 
along that many times the main design characteristics of the new weapon at 
already crystallized and can no longer be influenced toward easier suppor: 
ability. Of course in some cases state-of-the-art limitations leave the logistician 
no choice but to accept the weapon as it is and support it as best he can. The 
first generation of ballistic missiles illustrates this point. Atlas, Titan, and 
Thor are extremely difficult to support. They are expensive systems primaril| 
because of the logistics costs involved. The liquid oxygen used as an oxidi: 
ing agent must be kept at several hundred degrees below zero and is subject 
to constant boil-off. For this reason these missiles cannot be maintained it 
a ready-to-fire condition but must be fueled shortly before firing. A tremen 
dous ground complex is required to accomplish the last-minute fueling and 
checkouts, all within the extreme time limitations imposed by the moder 
warfare requirement for instant response. Clearly a simpler system was I 
quired. 

The Minuteman is such a system. It is designed to overcome the logistit 
difficulties inherent in maintaining missiles such as Atlas, Titan, and Tho! 
in an adequate state of operational readiness. The Minuteman’s solid-fut 
propulsion system enables it to be maintained in a ready-to-fire conditio 
over long periods of time. Its checkouts are for the purpose of locating mi 
functions and can be performed at periodic intervals, free from the split 
second timing of last-minute countdowns. Because it can be prepared {a 
firing long in advance, Minuteman requires only a fraction of the personné 
and equipment per site required by Atlas, Titan, and Thor. Few major weip 
on systems have been so greatly influenced in their basic design }) 
logistic support considerations. Because of the increasing importance and co 
of specialized logistic ground support complexes, this precedent of designitt 
supportability into advanced weapon systems seems likely to continue. 
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Working within the logistic framework established by these design cri- 
teria, the Air Force Logistics Command is well along in the establishment of a 
logistic support system for the Minuteman. Ogden Air Materiel Area was 
given logistic support management responsibilities shortly after the assembly 
and test contractor had been chosen. Much of the detailed planning is now 
completed. Construction will begin soon on a facility that represents a new 
concept both in logistic support and in Air Force-industry relationships. 
This plant, to be used for final test and assembly of the missile, will be Air 
Force owned, a part of Hill Air Force Base, but will be operated under con- 
tract by the assembly and test contractor. This provides the Air Force the 
support capability essential for a first-line weapon system with the important 
operational role of the Minuteman. At the same time it best employs the 
contractor’s experience gained in the course of the development program and 
utilizes his wealth of management, production, and maintenance skills. Other 
buildings at Hill Air Force Base are being modified to adapt them for the 
specialized support required by the Minuteman. When the first production 
missile is accepted by the Strategic Air Command, we will have in-being in 
the Ogden Air Materiel Area the most complete Air Force support capa- 
bility developed to date for a first-line missile weapon system. 

In many respects the problem of supporting a mixed force is not sig- 
nificantly different from the challenge always facing the logistician. Even 
while he is bringing the most highly developed techniques of his art to bear 
on designing and operating support systems for missiles and other advanced 
systems, he must be maintaining the forces in-being in a condition of instant 
readiness. The logistic system that he constructs must therefore be made up 
of many specialized support systems. At any point in time some of these are 
supporting the force in-being, others are being readied for advanced weap- 
ons in the process of development, and still others are being phased out as 
the weapons they support become no longer essential. For the immediate 
future, the manned aircraft will remain the backbone of the operational 
force. Nothing must be allowed to compromise its support. As ballistic mis- 
siles in turn assume a more dominant role in the forces in-being, supported 
by the systems now being designed, planning attention will turn to the de- 
sign of support systems for the still newer weapons which at that time will 
lie just ahead. 


The Logistic System of the Future 


A’ WE shift our sights from the immediate future and attempt to look far- 

ther ahead, the picture necessarily becomes somewhat less distinct. Many 
of the details must remain obscure, but the main outlines can be perceived 
with some degree of accuracy. True spacecraft, both manned and unmanned, 
will have entered the inventory and operational forces will be able to func- 
lon throughout all significant levels and regions of the aerospace. We turn 
now to the nature of the logistic system that must support these forces. What 
will the logistics “bridge” of the future be like? 
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The close Air Force-industry logistical relationship is indicated by these charts o 


weapon system maintenance. Chart “a 


coer) 


shows the approximate division of maint: 


nance responsibilities between the Air Force and contractors during five stages it 
the life of a weapon system. Chart “b” shows the percentage of maintenance mar 
hours in house and by contract for a number of weapon systems from 1958 to 1965 
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Many of the trends that will shape the future logistic system are already 
at work. The increasing importance of logistics as a primary factor influenc- 
ing the basic design of weapon systems is an excellent example of a trend 
that is likely to grow. In the Minuteman weapon system the tremendous 
cost and complexity of the ground checkout and launch complex of earlier 
ystems composed the logistic problem which the design engineers were at- 
tempting to solve. The goal was to develop a missile that could be easily 
launched and that would function correctly for a flight of approximately one 
half hour. 

Contrast this with flight times of weeks, months, or even years for space 
systems now on the horizon. Tremendous additional improvements in re- 
liability must be achieved before flights such as these will become feasible. 
The cost of unreliability, both in human lives and in the failure of the mis- 
sion, will justify almost any actions taken to achieve these higher reliability 
levels. 

But perfection can never be obtained; some maintenance will always be 
required. In many cases it will be either impossible or uneconomical to re- 
tum the vehicle to its home station for maintenance, and the malfunction 
will have to be corrected in flight. It is obvious, therefore, that the logistic 
considerations of reliability and ease of in-flight maintenance will play a far 
more dominant role in the design of space vehicles than they have in past 
weapon systems. 

Other problems will be relatively new. The movement of supplies, for 
instance, will involve problems of transportation never faced before. In the 
past, commercial transportation systems were available which logistics could 
utilize or duplicate. Such will not be the case in space logistics. The logistic 
transport will have to be developed, as will also the design of whatever space- 
logistics supply sites will be required. Tremendous ground complexes, dwarf- 
ing the present one at Cape Canaveral, will be required to launch both oper- 
ational and logistic vehicles. Some may be geographically located so as to 
achieve equatorial orbits more easily; others may have to be at sea to facili- 
tate the recovery and re-use of the mammoth first-stage boosters now on the 
drawing boards. 

As in the past, improvements in logistic tools and techniques will be a 
prime factor in meeting these support requirements. Many of these improve- 
ments already are under way. A completely integrated transportation and 
materials-handling system, embracing not only the transport function but the 
loading and warehousing functions as well, is now under development. The 
purpose is to minimize the packaging and handling now associated with the 
storage and movement of materiel by designing a single, integrated system 
rather than utilizing separate systems for warehousing, handling, and trans- 
portation as in the past. The techniques that result from this total-systems 
approach to the physical aspects of supply and transportation should pro- 
vide the framework for an extension of the same technique of analysis to 
pace-logistics supply and transportation problems. We also are taking ad- 
vantage of the latest research in solid-state physics to improve communica- 
tions reliability and stability so that the logistic command-and-control net- 
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work will be as effective as those of the operational forces it supports. Oy 
data-processing equipments and techniques also are being continually in 
proved, and these improvements make new techniques of management avai 
able to us. 

But perhaps the most important improvement concerns not a physic 
tool but a management technique—the technique of control. The logis 
system as a whole is so large, is made up of so many individual support 5; 
tems, and has so many intricate interrelationships that effective control \ 
extremely difficult. But each new weapon-support svstem we design is mor 
clearly defined than those that came before. Systems analysis and electroni 
data processing are enabling us to identify and keep track of essential r 
lationships within and between support systems, relationships which in man 
cases existed informally if at all. As we study these systems more closely, « 
pecially in the process of applying electronic data processing to them, we 
discover numerous cases where essential information was being obtaine( 
through informal personal relationships rather than through the formal ir 
formation channels. Unless these informal relationships are identified ani 
formalized when the formal channels are mechanized, the system canno 
operate effectively. Accurate systems analysis is enabling us to do this. 

The first systems that have been thoroughly defined and brought unde 
this new management control are those directly supporting the vital weapor 
systems of our strategic strike force. But this type of system analysis is no 
limited to individual weapon-support systems. It is equally applicable « 
commodity- or item-oriented systems and to the many other individual 5 
tems that make up the totality of logistic support. As each one of these sy 
tems is brought under this new type of analysis and control, we draw clos! 
to our goal of a completely integrated and thoroughly responsive totd 
logistic system. 

Increased responsiveness and control are essential because the logistic 
management job is constantly expanding in complexity and in scope. Tht 
requirements of modern weapons are such that they depend upon many dil 
ferent organizations and activities for their support. Although logistics is: 
military function, its roots extend deep into the industrial segment of the 
economy. Regardless of who provides it, the essence of effective logistic sup: 
port is responsiveness to the needs of the operating commands. The entitt 
logistic structure, its industrial as well as its military components, must met! 
this requirement. Effective systems analysis and design can enable it to d 
so by integrating each vital logistic function—whether performed by the op¢r 
ating command, the logistic command, or the industrial contractor—into tht 
total logistic system at the appropriate time and place, thus making tl 
entire system responsive to the military logistics commander. 


At the beginning of this analysis the logistic system was described as tt 
bridge between the economy and military operations. We have seen how th 
nature of this bridge changes through the years. The bridge of the past W# 
made up of vast stores of supplies and equipment obtained from the econotl) 
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and held on hand until required by the combat commands. The bridge of 
the future will be a managerial one, integrating both military and industrial 
logistic actions to achieve effective support based upon preciseness and quick- 
ness of response rather than on massiveness of stocks. The logistician must 
continue to perfect the techniques that enable him to integrate and coordi- 
nate the vast number of individual actions which go to make up logistics. 
Only in this way can he accomplish his objective, the effective support of 
military Operations. 


Headquarters Air Force Logistics Command 














Basing the Aerospace Force 


Major GENERAL Aucustus M. MINTON 


HEN General H. H. Arnold was Chief of Staff of the Army Air Corp; 


he wisely observed that air power was supported by three pillars—men 
planes, and bases. The passing years have seen each pillar undergo changes in 
context and configuration to mirror the evolutionary effects of the dynamic 
of technology and world events. The texture of each pillar now is extremely 
complex, with the strength of the whole structure inextricably related to and 
dependent upon the capabilities of component parts. Each must support it 
share of the load, which constantly shifts to reflect technological advance 
and potential threats of enemy forces and weapons. Our aerospace power is 
dependent upon the maintenance of a delicate level of balance among it 
three remodeled pillars—men, aerospace vehicles, and bases. 

Too often when we think of bases we think only of the facilities neces 
sary for the operation of aircraft, such as runways, hangars, communication 
systems, and maintenance shops. As we enter the aerospace age our concept of 
bases must change. We must think of vastly complex facilities that are con- 
ceived and designed almost as a subsystem of the weapon itself. Certain of 
these facilities would have been considered impractical of construction a fev 
years ago, as at the radar sites now being constructed on the icecap in 
Greenland. Not only must bases in support of aerospace forces include the 
comparatively crude facilities necessary to house, maintain, and launch out 
earlier missiles such as Matador, Snark, Thor, and Jupiter, but they must 
provide the fantastically complex facilities for the 1cBM’s and the spac 
vehicles of the future. 


aerospace construction requirements 


Although in the past it was necessary to design runways, hangars, and 
ramps to conform to the aircraft that were to use them, the degree of 
tolerance was great. It was possible to construct these facilities with a fait 
degree of certainty that the weapons could be deployed on them with 10 
difficulty. We could budget, design, and construct them with a minimum of 
coordination with the developer of the airplane or air weapon system. We 
talked in terms of length, width, and strength of pavements, square feet of 
maintenance facilities, and number of refueling pits. If the civil enginett 
followed these very simple criteria, the results were satisfactory. 

The same practices are not applicable to the bases for our more advanced 
weapon systems, such as the liquid-fueled missiles, the Minuteman, and the 
more exotic space vehicles. The building or structure that accommodatt 
the missile or the radar is a small part of the facility constructed by the 
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civil engineer. It is the outer garment that shelters and protects the complex 
of equipment essential to the weapon’s capability. The environmental con- 
trol system, the supporting power system, the fueling system—all are designed 
and constructed by the civil engineer as an integral part of the weapon 
ystem. Ihe requirement for “concurrency” in the development of weapon 
ystems is in fact becoming ever greater as new and more complicated 
ystems are conceived, in that all elements or subsystems must be developed 
concurrently to ensure the timely and satisfactory operation of the system. 
The necessity to include facilities as a subsystem or element is unquestion- 
able. 


Sophistication. In this trend of weapon development, the one factor that 
stands out as most important in the field of civil engineering is the con- 
santly increasing degree of sophistication built into the newer weapon 
systems. Although among our airborne weapon systems there is little re- 
semblance between the B-17 and B-52, their basic principles involved 
primarily a refinement of similar techniques and knowledge. On the con- 
trary, the IcBM goes far beyond any degree of sophistication that existed 
in our most complicated airborne weapon system. The IcBM gives rise to 
requirements for environmental controls such as air conditioning, heating, 
dust control, and power that were never dreamed of a few years ago. For 
instance, the very close tolerances in power requirements for our radar 
ystems have generated entirely new concepts of engineering design and 
equipment production. 

Reliability. Hand in hand with increased sophistication has been the 
increase in reliability required for each of these new weapon systems. The 
number of B-17’s and B-52’s flown with one or two engines out of commission, 
with various flight instruments not operating properly, or with other 
assorted maladjustments is legion. With missiles, each one of the literally 
hundreds of thousands of parts must function perfectly if the missile is to 
perform its mission. Not only must each of the engines function; it must 
function with a very small tolerance in thrust—another criterion inconceiv- 
able in our design practices a few years ago. To provide this degree of 
tiability requires facilities for supporting equipment that are virtually 
an integral part of the missile. 

As we plan, budget, and construct our bases in the future, we also must 
always keep in mind that their requirements have become twofold: First, 
they have the conventional base function of supporting the weapon sys- 
tm. Second, and perhaps more important, many bases must be engineered 
0 survive an all-out nuclear attack and still remain operationally effective. 
They must protect the weapon system. . 


Increased personnel facilities. The support aspects of our bases will 
continue to be quite prosaic, although increasing dramatically in scope as 
we add more family housing and better places for people to live, work, and 
play. In the past few years our base facilities of the more or less conventional 
ypes have increased at the rate of about $1 billion a year to a total at 
the present time of approximately $11 billion. All this property must be 
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maintained and operated. In size alone, such support will present soy 
very interesting problems of engineering management in the aerospa 
age. The Air Force has been a leader in striving for better facilities for j 
personnel, in the sure knowledge that the profit in terms of better personn 
and greater operational capability would far more than offset the initi 
capital outlay for these facilities. Our high re-enlistment rate, based on 
very selective policy, is reflected in the capability of our offensive and ¢ 
fensive forces. It is sure testimony to the soundness of this purpose. 


Building for survival. In the survival aspects of our base facilities 
enter into a new cra of construction, maintenance, and operations in th 
Air Force. Actually the survival problem can be broken down into ty 
parts. We have the necessity of maintaining and operating some of th 
most complicated facilities that man can devise, under the most difficui 
climatic and logistic conditions existing on earth. We are well along « 
the construction of these facilities—such as the Ballistic Missile Early Wam 
ing System (BMEWS) and the icecap stations—yet.we have not begun to cop 
with the maintenance and operation problems that climatic and _ logis 
conditions will present. These installations were designed and built to a ver 
high degree of reliability and sophistication at great cost; the Thule Bey 
installation cost a total of $500 million, of which amount $100 million was fa 
construction. We can expect comparable expenditures for maintenance ani 
operation of these facilities if we are to attain the capabilities to which the 
were designed and constructed. 

Of much greater importance is the requirement that our facilities muy 
be designed to survive nuclear attack. Since our national policy dictates the 
this country will never be an aggressor, we must provide our weapon system 
with facilities ensuring their survivability for reasonable periods of time it 
nuclear war. This we do by hardening them, to the maximum extent tha 
is economically and technically practical, and by dispersing them. This meat 
a vastly more complex weapon system and more difficult problems 0 
construction. 

We think of survivability in terms of resistance to destruction by ove 
pressures and shock. A term commonly used, although not truly descripti 
of the problem, is pounds per square inch (psi). A good, substantial ro0! 
on a commercial building can be considered as about 14 psi constructiol 
meaning that each square foot of roof can support and resist forces of a 
proximately 50 pounds. Our present construction practices for 1cBM’s provit! 
protection of 100 pounds per square inch or 14,400 pounds per square {o0! 
This strength is roughly 300 times that of a normal structure. A 100-5 
overpressure on average soil will produce vertical and horizontal movt 
ments of 8.6 and 2.9 inches, which attenuate very little—to 8 and 2.1 inches 
at 100-foot depth. The shock will be in the order of 37.5 g, a magnitu 
that may be envisioned in terms of the 7.3 g which a supersonic fight 
and its equipment are designed to withstand. Already we are _plannitf 
facilities several times stronger than the nominal 100 psi. 

The twin purposes of protection in terms of psi and shock, consideriti 
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the very delicate equipment that must be protected, pose unique problems 
for the engineering profession. This problem is complicated by the fact that 
there is no known way to test these structures to determine the adequacy of 
design. We have means of subjecting bridges, ordinary buildings, and other 
conventional structures to tests to determine how nearly they meet their 
requirements. But it is not feasible to simulate the mountain-crushing blow 
of a multimegaton bomb on a facility that houses one of the most compli- 
cated masses of equipment ever devised and assembled by man. The only 
real test will come after these facilities have been subjected to the shock of 
an attack: Will they then be able to respond to the push of the red button? 
Until that test, we must rely upon the highest degree of professional knowl- 
edge and integrity available. 

However, if there is any aspect of the development of our new weapon 
systems that has been underestimated, it is the ability of the engineer to 
design and construct facilities suitable for protection. Not over two or 
three years ago it was felt that construction with a nominal 100-psi capa- 
bility was about the best we could hope for. Now we feel that several times 
that degree of hardness is technically and economically feasible. As the enemy 
threat develops or changes, we will be able to devise means of meeting it 
by increasing hardness, by dispersal, and by concealment of our prime 
offensive weapons. 


maintenance of facilities 


In the consideration of facilities necessary to support aerospace power, 
we must always be aware that they are only as good as our ability to maintain 
and operate them. In the past there has been a clear line of demarcation 
between maintenance of facilities and operation of weapon systems. A B-52 
could be refueled from conventional refueling units and take off from a 
substandard runway without undue difficulty if emergency dictated. The 
great problem was that of maintaining and operating the weapon system 
iself for the many flights necessary to attain and hold a high degree of 
proficiency in the crew and the weapon system. The maintenance of sup- 
porting facilities was accomplished for convenience. 

The missile requires an entirely different concept. It does not wear 
out engines, accessories, or subassemblies. It never makes training flights. 
It sits and waits. During this period of waiting the only requirement is 
constant check, recheck, and further recheck of the subsystems having a 
bearing on the capability of the missile to perform on its one-time flight. 
This checking must include the external air-conditioning, heating, com- 
pressed-air, and fueling systems, as well as the guidance system and the com- 
ponents that are a part of the missile itself. Every one of these elements, 
whether the power generator that keeps the inertial-guidance system warm or 
4pump in the liquid-oxygen system itself, must be in perfect shape at all 
times. In the aerospace age maintenance and operation are synonymous. 
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Defense 


Construction of defensive outposts often must accommodate unusual environmental 
conditions or rapidly evolving weapon systems. The result may be structurally 
unique. 1. At Thule, Greenland, BMEWS radar antennas 160 feet high and 
420 feet long are built to withstand 150-knot winds when covered with a solid 
| coat of ice. 2. Texas Tower radar stations must endure winds up to 125 mph and 
Pbreaking waves up to 35 feet high. 3. An eastern-extension Dew Line station, 350 
miles across the Greenland icecap from the nearest air base, could only be con- 
siiructed during limited work periods because of logistic and weather problems. 
4.4 composite building in the Dew Line eastern extension was constructed with 
built-in jacks that can recover its 3-foot annual sinkage into the Greenland icecap. 
5. A Bomarc launching building near Suffolk County AFB, New York, illustrates 
the trend in weapon systems for maintenance and operation to be under one roof. 































il 
| The peacetime uperations of Air Force civil 
_ engineering are both diversified and world-witt 
“in scope. Included is responsibility for the main 
tenance, repair, and alteration of 157,277 unit 
of Air Force family housing similar to thos 
——==— recently constructed (1) at Myrtle Beach AFB, 
South Carolina, and (2) at Lincoln AFB, Nebrau. 
ka. This program now has an inventory valued 
in excess of one billion dollars. Electrical 
power requirements for operational facilities 
such as these 2500-kilowatt units (3) at Lor 
ing AFB, Maine, place a heavy demand on 
the civil engineer for maintenance and oper: 
tion. At operating locations throughout the 
world the Air Force has 1767 fixed diesel 
generators supplying a total of 592,623 kilowatts 
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problems of aerospace facilities lor procu 
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Certain problems arise in our transition from air force to aerospa fy. wp ince 
force. all constru 


Budgeting. Perhaps the most important problem is our budgetary plo budget. D 
cedure. At present we are geared to a system developed in the era of the functional 
300-mile-per-hour bomber and the one- or two-thousand-pound conventiond Congressic 
bomb. This procedure envisioned a period of approximately 36 months from We s 
the time the requirement for a facility is established to the date it ca! Weapon 5) 
support the weapon system. There is compelling need to revamp this 5)‘ package tk 
tem to provide unified budgetary support for the weapon system. Perhap § 1) og... . 
budgets should carry a single line item for a weapon system, to include ll Find to re 
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the costs of providing the system. At present we have different line items 
lor procurement of the missile, direct-support equipment, construction, 
development, training, and operation. These line items are separated in 
the “functional” budget. Thus construction, for example, is part of the over- 
all construction budget, and procurement is part of the over-all procurement 
budget. Different staff sections justify and defend the various parts of the 
functional budget before Department of Defense, Bureau of the Budget, and 
Congressional committees. 

We should have a procedure whereby all the costs of an aerospace 
weapon system are combined in one budget program and presented as a 
package through all levels of review. With a reasonable degree of flexibility 
o offset unexpected higher costs, for example in the communications area, 
and to reprogram savings achieved, as in the construction area, such a 
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procedure appears essential if we are to proceed with timely and effectiy 
development of the sophisticated aerospace weapon systems of the future, 


Programing. A second problem area is that of better long-range pro. 
graming. We have an increasing number of monuments built throughou 
the United States and in overseas areas that attest to the twin problems ¢/ 
inadequate funds and incomplete programing. Possibly we may stop in th 
middle of construction of an airfield, at a cost of a few million dollars. By 
if we attempt to change programs halfway through the development ¢ 
weapon systems such as Navaho, Goose, and others, the cost enters anothe 
order of magnitude. We have increasing evidence of “foot in the door 
technique—the selling of a program with inadequate evaluation of the 
manpower and dollars that will be required, and, more important, of abilin 
to deliver an operational item on the schedule proposed. 

As our aerospace systems become infinitely more complex, it is certain 
that their cost will increase proportionately. The necessity to ensure soun( 
programing, based on the best possible accumulation and consideration ¢ 
facts, becomes paramount. We may consider our monuments to the chan 
ing program as evidence of the dynamic nature of the aerospace age; but thos 
who are inclined to be critical of us may see them as patent evidence 0 
our inadequate programing and of the need for closer scrutiny of ow 
proposals. 


Impact of weapon sophistication. A third problem is the degree of 
sophistication we are inclined to gear into our weapon systems development 
and how this reflects upon the facilities requirement. Too often we at 
tempted to try the 100-yard dash when we have not yet learned to crawl 
Although the general criteria given the civil engineer for environment 
controls, fuel systems, and power are within his technical capability to 
satisfy, the costs of their fulfillment are sometimes far out of proportion 
to the results that are obtained. This is particularly important for considera 
tion in view of the fact that our construction requirements in the civil engi 
neering area are several times larger than the funds made available. 


Design and construction methods. A fourth problem area is the adequac 
in the aerospace age of our present design and construction methods. Facili 
ties to support the weapon systems are programed, budgeted, designed, and 
constructed by agencies that have comparatively little connection with the 
contractor who is responsible for producing all other elements of the weap 
on system. This separation was not productive of especial difficulty when 
we were building pavements for aircraft. The difficulty increases as the sup 
porting facilities become more and more an integral part of the weapo! 
system itself. A step in the right direction has been taken in that the fal 
greater part of civil-engineering design on new weapon systems and It 
search facilities is now done by the Air Force. However, in every case thé 
subsequent construction passes to an agency which is not a part of the teall 
of the prime contractor. Although this separate approach to support facilitie 
during the design and construction period is a matter that has been di 
cussed throughout the history of the Air Force, it takes on renewed emphi 
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sis as the furnishing of adequate facilities for the aerospace age becomes more 
dificult. Considering all the factors involved, the answer is not readily 
apparent, but it continues to present a problem. 


Personnel. There is one last problem that is most critical as we enter 
the aerospace age. Personnel requirements in the civil-engineering field 
are most acute. We cannot expect to design, construct, and maintain the 
sophisticated facilities of this age unless our personnel procurement, edu- 
cation, and training programs are also geared to the aerospace age. The day 
when the base handy-man, skilled in maintaining concrete runways and 
wooden buildings, was adequate is rapidly vanishing. He must be replaced 
by a man with a background of education, experience, and specialized train- 
ing tailored to the aerospace age. As in most other problem areas of this dif- 
ficult transitional time, the right man is the key. If we can establish an ade- 
quate source of properly trained personnel, the rest of the program will be 
comparatively simple. 


At no time in the history of this country has the requirement for appraisal 
of the future been quite so urgent. We stand at the threshold of a gigantic 
breakthrough in technological development. We cannot take full advantage 
of the opportunity if we cling to planning, programing, procedures, and 
thinking geared to the airplane, the carrier, and the tank. To complicate 
the problem, time is the essence of the requirement, and it is most difficult 
to change long-established procedures quickly. 

Our methods of producing the men, vehicles, and bases for the aero- 
space age must be responsive to the unique requirements of an entirely 
diferent problem. The only element moving constantly and inexorably 
forward is time. 


Headquarters United States Air Force 














Training the Aerospace Force 


LIEUTENANT GENERAL JAMES E. BriccGs 


HE DECADE of the Sixties will be one of great scientific and techno- 

logical advances. It will be one of great strides in military weapon 
systems. All this may lead to speculation about the part that man—or more 
properly in the case of the Air Force, the airman—will play in the future 
Aerospace Force. Developments in the Aerospace Force during the next ten 
years will more than ever highlight the importance of man in the weapon 
system complex. As present and future weapon systems develop, larger 
numbers of high-quality manpower trained in advanced skills will be 
needed. 

As developments and changes take place in weapon systems, progress 
ing from the air-breathing vehicles to the space systems, from mechanical 
to electronic operations, from gasoline to exotic fuels, training programs 
to prepare the man for the Aerospace Force will have to be updated and 
evolve with the change. This will be a matter of evolution rather than 
revolution. 

Over the past 40 years training has transitioned from early systems of 
the Twenties and Thirties (P-1, B-2), through the more complicated 
systems of the Forties (P-51, B-29), into the complex and what we call 
sophisticated aircraft and missiles of the Fifties (B-52, F-104, Atlas, Titan). 
Throughout these years, because of the increasing complexity of new systems, 
the question has recurrently been raised whether the military training organi- 
zation could effect unaided the training and upkeep required for the opera- 
tional force. The Air Force has proved that, with the necessary wherewithal, it 
could do it in the past, and we see nothing to preclude this accomplishment 
in the future. 

During the next ten-year period, training for the aerospace force will 
divide into (a) continued updating of training programs to keep abreast 
of new developments and (b) concurrent development and implementation 
of space-system training programs. 


developments in training 


The evolution of the aerospace force training concept is dictated by 
the foreseeable needs of future systems requirements. The training program 
must have flexibility to meet changing needs. It must provide the right mat 
for the right job and provide the training that will convert individual 
potential into valuable activity. It must achieve this mission in the mo 
economical manner practicable. 
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During the next decade four general areas of development in personnel 
training can be identified as necessary to support the aerospace force: 

(1) Continuation of programs for officer training, Officer Candidate School, 
military training, rated officer training, and technical training. 

(2) Identifying and planning technical training programs that will re- 
quire updating of their contents to correspond with changing system 
requirements. These programs are normally system-oriented or closely tied 
to new developments in existing equipment. Examples are the B-70, second- 
and third-generation missiles, new types of radar, reconnaissance, and com- 
munications equipment. Replacement training of operators and maintenance 
personnel for the mixed force will undergo continual change and become 
more complex as required by new follow-on missiles, aircraft, electronic 
ystems, and space systems and modifications of existing systems, including 
support equipment and facilities and systems hardware. This training will 
be conducted at resident schools and at field training detachments. The 
complexity of the new systems and modifications will call for more than one- 
forone replacement to satisfy the need for more people of a higher skill 
level. Thus the training problem becomes more difficult. Nevertheless it is 
considered that technical training can be accomplished under present train- 
ing concepts. Organizationally we will continue to have training centers that 
are responsible for training on specific weapon systems as well as training 
in specific functional areas. 

(3) Flying training programs for both pilots and navigators must be 
continually advanced so that the students train from the very beginning in 
vehicles with flight characteristics and performance as close as possible to 
operational vehicles. This method will minimize the problems of transition- 
ing to the higher-performance operational aircraft such as the B-52, B-58, 
B-70, F-105, F-106, and early spacecraft. The T-33 will phase out. The more 
advanced supersonic T-38 will become the basic jet trainer, following 
initial jet training in the T-37. 

(4) Concurrently new training capabilities will have to be developed, 
inluding training programs for operators and maintenance personnel for 
new type 1cBM’s, B-70’s, and satellites; for manned space systems; for elec- 
tonic command and control systems; and for subsystems such as nuclear pro- 
pulsion and data processing. 


recruiting and selection 


As the aerospace force develops and its systems become more complex, 
the need for higher-quality manpower will increase in direct ratio. Thus 
during the next decade there will be an “increasing need for selective 
recruiting to locate and procure men for the aerospace force with as broad 
a base of prior knowledge as possible. The larger their base of knowledge, 
the shorter can be their training time, particularly if their prior knowledge 
is related to the fields in which training is conducted. 

It will be increasingly important for personnel classification and assign- 
ment systems to be refined to locate the right type of man to be trained for 
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the present career areas as well as for the many ones that will open wf taining, 
Once the technicians, pilots, and navigators are trained, they must be pos} ment of 
tively identified so that they may be utilized in their most productive capacity, | the fidel 

Having selected the best man and trained him, it will become impere training 
tive to keep him, since training is costlier, more complex, and more time § synthetic 
consuming than ever. The aerospace force will, by its very nature, deman( in new e 
well-trained, experienced, qualified, and dedicated men. It cannot afford | In other 
operate with a constant turnover of this valuable component of the weapo greater rl 
system. Careers will have to be made as attractive as possible, and at lea | true in 
competitive with private industry, to retain these men. may not 

Pilots and navigators will continue to be selected as under curren} and penc 
programs. Reduced pilot production will permit increased emphasis of which wi 
selection of more highly qualified individuals. All students in pilot trainin; like the « 
will be commissioned officers. The majority will be Air Force Academ — 
graduates, RoTC-commissioned, or specially selected college graduates why 
have been through the officer training program. 

The Officer Training School will play an increasingly important role 4 
a source of officers with a broad base of prior knowledge needed for partic 
ular aerospace force skills. Input to this precommissioning program wil 
continue to be restricted to college graduates with degrees in specific techni 
cal areas where the need for additional officers has been determined t 
exist. Experience to date indicates that this course offers great potential 
permitting selection of top-quality personnel. 

A progressive need will be a better understanding among civilian edv 
cational institutions of the aerospace force and its requirement for a broi 
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Training Time. Today the high-school graduate has a greater chant 
for success in learning technical jobs and for succeeding in them than the 
non-high-school graduate. Similarly the college man succeeds better in tht 
more complex jobs. After the right man has been found, training method 
will have to be constantly improved to shorten the training time. Extensivt 
training time will be prohibited by rising costs and by compression of tim 
available because of rapid hardware development. Training will have to bt 
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constantly evaluated to be sure it meets the needs of the using agency # rsaaeg 
soon as possible, consistent with providing a quality-trained individual. —e 
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Instructors are the key to any successful training program. The instruc fy) |. 

: . an 0 bring 
tors must continue to be given proper recognition, and they must becott f wed 
professional. They must be in on the early developmeni of systems and lt with iees 
kept current on them. We must continue to secure the best instruct! })). )., ate 
possible and train them in the latest developments in teaching techniqv f,.., subs) 
and training aids and devices. manned mi 


Training Equipment. The quality of training is and will continue to f° simulatir 
dependent upon the training equipment that is available at the start of th Bightoptic t 
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training, which means that it must be developed along with the develop- 
ment of the related weapon system. We must also progressively increase 
the fidelity, effectiveness, and utilization of our simulators, trainers, and 
training aids. In some instances it will be necessary to develop simple 
synthetic training devices incorporating fundamental principles reflected 
in new equipment, for use prior to or after the actual hardware is available. 
In other cases it may be necessary to build specially designed parts of 
greater ruggedness than the actual parts in the equipment. This is particularly 
true in missiles, where parts often are engineered for one-time use and 
may not stand up under repeated usage in training. The day of “paper 
and pencil” training is rapidly disappearing. In its place are training devices 
which will become more elaborate and more costly, with prices for some, 
like the operational equipment, running to six and seven figures. 


Facilities at training bases presently in use will have to evolve to 
accommodate the new training missions and training equipment needed for 
new systems. As recent experience has shown, present structures may not 
be adaptable as to size, power, and environmental requirements. An example 
of anew type of training facility is Neel Kearby Hall, a classroom laboratory 
structure completed in late 1959 at Sheppard Air Force Base as part of a 
smillion-dollar missile training complex. It has 210,000 square feet of 
floor space, 126 classrooms and laboratories, and a huge missile bay area in 
which several missiles can be placed at one time with enough room to con- 
duct training on all simultaneously. ‘This complex duplicates for the student 
the real facilities of his eventual environment. It provides facilities for train- 
ing that could not be housed in presently available training buildings be- 
cause of size (such as erect 1cBM’s) or other requirements. 

The “prime center” concept will continue to be used to support systems 
raining requirements for the next decade. Under this concept one techni- 
al training center is assigned over-all responsibility for the individual-train- 
ing program for a system. Supporting centers are assigned as necessary. To 
luther establish this concept, the trend is to conduct as much system 
taining as possible for a particular system at one training center. 


’ 


Navigator training has a pressing requirement for a more advanced 
raining aircraft than the present reciprocating-engine T-29. A high-speed 
jet navigator trainer with performance capabilities nearer those of the 
operational aircraft is needed to relieve the operational commands of 
transitioning the student to the higher-performance aircraft. The higher- 
performance, higher-altitude operational aircraft and space vehicles will 
lo bring about the need for new techniques of navigation, on which the 
pilots and navigators must receive training. “Navigators will be concerned 
with three-dimensional navigational techniques rather than two. They must 
also be trained to operate intelligently and to control the advanced equip- 
ment subsystems associated with Dyna-Soar and other future-generation 
manned missiles and spacecraft. New trainers employing a new technique 
of simulating land masses will be required. Navigator trainers utilizing the 
light-optic technique of simulation will replace present supersonic trainers. 






















190 AIR UNIVERSITY QUARTERLY REVIEW 


New training methods and techniques will be needed to meet ney 
aerospace training requirements. It is not anticipated that these techniqug 
will be revolutionary in nature or that they will be generated primarih 
because of incoming space-system development or any one type of system 
but they are inherent in an evolutionary training concept. When conceptud 
methods and techniques must be developed, they will be programed-as 4 
present—into the research and development structure so that they can 
applied to the training environment. Examples of these developments whid 
are now in the program and which will see greater use in the next decat 
are closed-circuit Tv, automated teaching devices utilizing computer tec 
niques with programed questions and answers, and advanced simulators tha 
can simulate a complete mission profile and total environment. The obje 
tives of these and other such developments are to increase the rate of leam 
ing, increase retention factors, cut training costs and time, and _ produc 
better-qualified personnel. 

Concurrency as applied to hardware development is well known, but 
its impact on training has not been so well understood. In the past, weapon 
systems have evolved in sequential, definite steps. This phasing provide 
lead time for planning and conducting training after the developmen 
cycle. The concurrency concept has resulted in an overlap in the develop 
ment, testing, production, and operational cycles. The resulting compression 
of time means that planning for training and developing a training capa 
bility must start during the conceptua! stage, if trained operating and main: 
tenance personnel are to be ready as soon as the system becomes operational 
Training under the concurrency concept presents a constant challenge. A\ 
the beginning of training it is necessary to use research data and to develop 
training aids that will depict principles and fundamentals. Often there at 
no guides, no textbooks, no past to draw on. The program must be built from 
bare beginnings and evolve with the developments in the system as it 
progresses from drawing board to reality. Thus training must reflect the 
changes that take place during the research, testing, production, and oper 
tional cycles, all of which may be overlapping. Training lead time in somé 
cases, such as for skilled missile technicians, is now longer than the lead time 
required to develop new weapon systems. Two concepts are valid in this area 
(1) a weapon system will not be operational nor will it function efficient) 
unless there has been adequate and timely training of operator and mail 
tenance personnel, and (2) planning for the required training must be é 
part of the concurrency concept and must start at the conceptual stage. 


Complexity of new and future systems entering the aerospace fort 
inventory will require personnel with a better background in_ basic pri 
ciples and fundamentals, in addition to specific equipment-oriented trainin 
in their career areas. This broad background will enable the individual © 
understand how and why he must accomplish specific functions and ta 
and to develop his capacity to operate and maintain specific hardware. It 
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will provide a base on which to grow careerwise and flexibility for assignment 
to follow-on systems with minimum retraining. 


taining for space systems 


As the United States advances in its space efforts during the oncoming 
decade and as its aerospace forces begin to operate increasingly in what is 
commonly called space, training programs geared to space vehicles will have 
to be developed. At present many agencies are engaged in related research 
and operations. However, one U.S. agency should be responsible for the 
complete training of the personnel who will operate in space. This single 
agency will provide continuity, centralized control, efficiency, economy, and 
lexibility to meet all agencies’ needs and will preclude interagency dupli- 
cation. 

Although manned operations in space have yet to materialize, the best 
forts of Air Training Command to anticipate what will be required to 
prepare personnel for space have already produced some accepted concepts: 

Manning for the space systems will be drawn from existing personnel 
‘sources. As systems in the inventory phase out and new systems phase in, 
N0 gross effect upon the total USAF manpower requirements is anticipated. 














Effects of Increasing System Complexity 





Personnel selected for the space systems will require application 


expanded selection procedures, more simulated training, and actual “space 
training. However, many of the jobs and positions required by the space 
systems will be partially or completely compatible with existing personn¢ 
qualifications at that time, e.g., launch personnel, communications, dati 
processing, etc. 

Training methods and techniques to satisfy the space-systems requilt 
ments will evolve from present training. Specific design of simulators ané 
equipment will be peculiar to the manned space systems, but learnin 
techniques and methods will not. 

Instructors for the future space systems should be integrated as partic 
pants in the space-systems development programs presently existing. These 
instructors will provide an initial base of experience for future space system 

Personnel for space systems will present new problems, but thei 
solutions will be built upon past experience with personnel for the air ag 
Maintenance and support career areas currently in use are compatible with 
the requirements for space systems. We must update, as required, couls 
for missile mechanics, airframe repairmen, instrumentation technicians, all 
craft and missile accessory specialists for life-support systems, etc. N¢! 
career areas may evolve, as in nuclear propulsion. 
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Crews selected to man space systems will initially be retrained jet crew 
personnel. Personnel for existing X-15, Dyna-Soar, Mercury Project, and 
super-mach aircraft will have the basic qualifications to retrain into space- 
cew functions. Eventually the selection of crews for manned space systems 
will involve the development of criteria for physical and mental capa- 
bilities heretofore unmatched except in the Mercury Astronaut selection 
program. Although the exact stresses to be placed on a spacecrewman are 
unknown at this time, the general stressful areas are well recognized. 
Weightlessness, sensory deprivation, accelerative forces, excessive heat, and 
isolation are all stresses which must be considered in any program of 
selection and training for spacecrews. 

Physical examinations presently used for aircrew qualification will have 
to be supplemented by two other types of tests to adequately evaluate 
manned space-system crews. The first of these added tests will be the stress 
tests. They will encompass such aspects as physical fitness and tolerance to 
acceleration, heat, noise, and vibration. 

Psychological tests will be the second group of added tests and perhaps 
the most important. The spacecrewman will have to have a rare psychologi- 
cal make-up. He will have a high level of intelligence. He should be able to 
work as an integral member of a group and then suddenly accept extreme 
isolation. He should be able to respond to foreseeable situations in predictable 
manner and also to adapt rapidly to unanticipated and unfamiliar circum- 
stances. The proper selection of spacecrews will be of great importance, 
and the responsibility for much of such a selection program will fall within 
the medical and paramedical fields. 

Simulation devices of advanced sophistication will be needed to raise 
individuals to the required level of proficiency in the numerous aspects of 
jpace missions without the tremendous expenditure of effort, hardware, 
and facilities to give this required training in space. Examples of these are: 
(l) World-wide escape and survival procedures and equipment. (2) Opera- 
tion and maintenance of various space vehicle subsystems in independent and 
imegrated programs, such as vehicle control systems, reconnaissance sub- 
ystems, systems for communications, display, warning, life support, etc. 
3) Complete mission profiles, to include preparation for launch, injection to 
obit, orbiting, re-entry, and recovery. 

Training vehicles will have to be developed to give individuals or 
ews training in actual space vehicles and actual space conditions. There 
a¢ many areas that cannot be taught by simulators but only by actual 
light. For manned space systems examples of these areas are (1) actual 
lunching, (2) speed regimes up to and including orbital or near orbital 
speeds, (3) actual vehicle and subsystem mission performance in actual 
‘tvironment, and (4) psychological preparation for actual mission require- 
ments. Psychological preparation will be most important, as it will prove 
0 the individual that he can do it and that the equipment does work and 
perform. Crew confidence is thus developed. This is an important factor, 
‘ince the mission performance will depend on the capability of the crew. 

Training sites will eventually be needed to train crews for space flight. 
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Initially training will be accomplished at present facilities. As the trair 
ing load grows, these bases will not be able to handle space training aloy 
with their other functions. Present flying training sites do not have th 
environment or facilities that will be compatible with those needed at space 
flight sites. 


Tue aerospace force of the next decade will thus require more and highe 
quality manpower, trained in more advanced skills. 

There will be a training evolution during this period, not a trainin; 
revolution. We will build on the knowledge and experience of the past. 

Space training will have its beginning in this time period and will rm 
concurrently with other training. 

The time compression in the development of systems will necessitat 
earlier planning and programing to develop the training program aii 
training equipment. If anything, training will have to lead system develo 
ment. 

Because of the many new systems that will be developed during thi 
period, there will be a need for new training devices, new training faciliti¢ 
and new training vehicles. These will be more complex and costlier tha 
today’s counterparts. 

Tomorrow’s Aerospace Force will demand more of the men who ma 
it—-more in knowledge, stamina, versatility, imagination, and training. A! 
important challenge will be to prepare the man for this force. 


Headquarters Air Training Command 
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Aerospace Command and Control 


MAJOR GENERAL KENNETH P. BERGQUIST 


HE VASTLY expanded dimensions of performance which technology 

has brought to the weapons of war have underscored an urgent need 
to create a comparable and concurrent capability in command and control 
systems. The compression of time engendered by supersonic aircraft and 
hypersonic missiles, the compression of space brought about by achieve- 
ment of intercontinental ranges, the quantum jump in destruction capability 
resulting from the development of nuclear explosives—all have combined to 
demand new methods, new techniques, and new hardware to enable the 
commander to control and direct his forces. 

In a simpler world the commander had simpler problems. He carried 
his strategy in his head, he controlled his forces with binoculars, bugle, 
runners, and flags. His battlefield was measured in acres. Often he could 
see it all from the top of a commanding knoll. His troop reactions were 
slow, but so were those of the enemy. Even so, he had his problems. Com- 
munications were less than satisfactory. Out of sight was out of mind. 
Battles were fought even after formal treaties had been signed, as at New 
Orleans in the War of 1812. 

Technology began to change the pattern. The telegraph came; then 
wireless telegraphy. Early in the twentieth century the airplane entered the 
military picture. Originally conceived as an aid to observation and reconnais- 
sance, it soon developed into a weapon platform. Its range and maneuvera- 
bility quickly opened intercontinental vistas of warfare. Firepower could 
be brought to bear on enemy forces and sources of national power un- 
tindered by natural or political obstacles. Limitations still existed, to be 
sure. Obstacles to successful air operations included inclement weather, active 
and passive air defenses, the limitations of the human crew, and limitations of 
ihe machine in terms of endurance, range, altitude, speed, and payload. But 
the relatively simple machine of the Wright brothers evolved into a sophisti- 
tated delivery system, capable of speeds approaching that of sound and 
ltitudes double those of World War II, carrying a multiplicity of war- 
leads over oceans and mountains deep into the enemy heartland. And 
tom all this came the concept of strategic deterrence. 

Meanwhile, as the century turned the halfway mark, atomic and 
thermonuclear weapons were invented in rapid succession. They intro- 
duced new and incredibly broader parameters of destructive power. This 
firepower was coupled with rocket propulsion to create the intercontinental 
ballistic missile which was divorced from dependence on the atmosphere 
0 feed the engines and support the airfoils. Building on the foundation 





































of ballistic missile technology, man was able to send his vehicles int 
outer space, to orbit the earth as artificial satellites or to escape the earth’ 
gravitational field entirely. ‘These developments have had profound effect 


on military strategy and thinking: 


e The classical pattern of depending upon a big increase in weap! 


production after the beginning of hostilities has gone by the board, on 
and for all. Wars will be decided with the firepower and delivery syste 
in place at the beginning of hostilities. 

e The entire world and the aerospace surrounding it have bec! 
the potential theater of war. 

e The ability to apply hundreds of megatons of firepower hallw 
around the world in a matter of minutes has made irrevocable any decis\’ 


to start a nuclear—missile war. 
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e The amount of time allowed to formulate this irrevocable decision 
has been severely compressed. 

e The classical commander, with his binoculars and bugle, can no 
longer direct the battle in the old ways. 

e New means are required to put the commander back into command, 
to allow him to use and control the new weapons that technology has 
ceated for him. 

e The new weapons have also relieved the military of much of the 
chore connected with military operations, e.g., the arming and flying of thou- 
sands of air vehicles. ‘This relief frees a larger segment of the military to 
exercise the more basic and decisive activities—strategy, command, and 
control. 


Thus the overriding factors have become the compression of time, the 


expanded theater of operations, the increasing importance of decisions that 


are right the first time, and the lessening of the commander’s ability to 
perceive and actively direct the battle. The machines of war have outstripped 
the control capability of their creators. We have to return control of the 
battle to the commander. This is the essence of what has come to be 
termed “command and control.” 

Fortunately we can turn to technology for answers to the very problems 
it has created. Concurrent with, and partially as a result of, the break- 
throughs in warhead and delivery-system performance came data-processing 
machines (computers) that can process, store, and present vast masses of 
data at microsecond speeds. Vhe notion was thus conceived that perhaps 
such machines, coupled with electronic information-gathering devices and 
electronic communications techniques, might put the reins of command 
back into the hands of the commander. Within the United States Air Force 
this notion first took the form of a semiautomatic interception system against 
air-breathing bombers. As time went on the notion caught hold in other mis- 
sion areas. 


nature of command and control 


Today the commander has updated his binoculars and bugle. His “eyes” 
may be the giant radars of the Ballistic Missile Early Warning System 
(Mews), located far in the northern reaches, or in the near future they 
may be Midas, orbiting in space. His electronic “bugles” must send instanta- 
neous orders to weapons soon to be positioned in silo farms and undersea 
launching platforms thousands of miles away. Each of his sensors and 
lexors employs complex data-processing mathinery to accumulate, process, 
and distill war data. 

How can the commander act quickly and decisively in so vast a battle- 
feld, with his war resources scattered over the globe and into space? What 
qutches must he employ when his resources are so remote, his war staff so 
decentralized? In essence, this is the command and control problem: how 
much control, what kind, at what level? 
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There are two definitions of command and control—one functional 
one technical—each having its place in this discussion. 

Functional definition: Command includes methods, organizations, and 
techniques employed by commanders in their formulation of war decisions 
Control denotes a command organization which clearly assigns responsibility, 
establishes commensurate authority, and ensures prompt transmission of 
war orders. 

Technical definition: Command and control consists of those methods 
and systems comprising combinations of data collection, data transmission, 
data processing, and data display, to facilitate timely decisions. It als 
provides for information on which to base decisions at all levels of command. 

To relate the command and control problem to the operational needs 
of the Air Force it is necessary to consider that, although aerospace is 
an operational continuum, technologically it breaks down into three main 
areas according to the types of vehicles operating in that continuum: 

(1) Operations within the air ocean that surrounds the earth. Such 
operations are normally considered to be restricted to altitudes below 100,00) 
feet. The vehicles employ air-breathing engines and depend upon the 2 
mosphere for lift and for directional control by means of airfoils. 

(2) Operations in near space, just outside the air ocean, when the vehi 
cle or satellite is no longer dependent on the atmosphere for propulsion 
or lift but is still acted upon by the earth’s gravitational field. 

(3) Operations in outer space, well beyond the earth's gravitational field, 
where extraordinary propulsion means must be utilized to position vehicles 
so as to permit their recapture by the earth’s gravitational field. 

The Air Force has been actively operating in the first of these areas 
for a long time. Its sensors, communications facilities, and contro] centers 
are globally deployed to perform the command and control function assoc 
ated with it. Already its operational activity is being extended into the 


second area, through such oncoming satellite programs as Midas. Logic dic : 


tates that it will invade the third area as an inevitable and logical extension 
of its basic mission. 

To meet its growing needs in these three operational areas, the Ail 
Force is developing command and control elements in four main categories 

Control center elements. Most essential of the command and control 
elements are those immediately surrounding the commander and his activ 
battle staff in a major command such as North American Air Defense Com 
mand or Strategic Air Command. The physical location is normally called the 
control center. Here is concentrated the highest level of command decision 
From it execution orders are issued, replan and redeployment of the battle 
forces are directed, and, when the battle is won, surrender terms coulé 
well be enunciated. The physical design of a control center in the nucleal- 
ballistic age is most important, since it is here that the status and _postut' 
of the entire aerospace war machine are portrayed to the senior decisio! 
maker. Here masses of information meet in the mind of the commande! 
It is the knoll overleoking the classic battlefield of old. 

Of primary importance in the control center is the graphic portrayal © 
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the aerospace theater of operations, displaying the location and current 
status of forces wherever they may be in the great tridimensional theater 
of aerospace. Here the commander, with his intelligence and operations 
oficers, evaluates and analyzes the vast amount of data concerning his battle 
area and formulates his strategy to employ effectively his diversified weapons 
of war. In the control center the climate, the physical arrangements, the 
portrayal of war situations must be such as to ease the heavy burden of 
judgment placed on the senior decision maker. Wrong assessments, misinter- 
pretation of information, or lack of information as to battle elements can 
be the crucial hinge on which the tide of battle turns. 


Alert and warning element. This is the element of command and control 
which globally deploys sensory devices in electronic fences, chains, or bastions 
to scan or guard our aerospace frontiers. It maintains intelligence and recon- 
naissance to ascertain locations and movements of enemy forces. Hostile elec- 
tromagnetic radiations must be monitored likewise. These sensors are netted, 
through communications, to the homeland control center to provide intelli- 
gence and warning. 

Aerospace-vehicle developments are demanding that sensors guard more 
and more aerospace volume, including both friendly and unfriendly orbital 
trafic. The sensors of this command and control element are basically de- 
signed to conform with the “distant air battle concept,” and the various 
sensors are netted to provide a number of zone-of-interior (z1) command 
posts with correlated data, since exact direction of attack can no longer be 
anticipated. 

As newer research vehicles are created to probe space, the need arises 
for an experimental environment within which to track such probes—a task 
which encounters new difficulties caused by the rotation of the earth. Activity 
is under way to tie our world-wide tracking sensors to a central z1 control 
post for analysis, direction, and display. This experimental environment 
is an extension of our more sophisticated command and control elements 
already in place. 


Air-vehicle control elements. Because the Air Force conducts its offense 
from hundreds of bases dispersed over the globe, an air-vehicle control ele- 
ment has been set up to report instantly on the posture and status of these 
vehicles no matter where deployed. Automation techniques bring these data 
toa central z1 command post for continuous display and analysis. From the 
information the Strategic Air Command commander can issue orders that 
will maintain a maximum strike posture consistent with manning, combat 
readiness, and economic factors. Should hostilities arise, the same_air- 
vehicle control element directs the aerospace battle. 

In defense against air-breathing bombers, where the theater is not as 
‘xtensive geographically as for the offensive forces, similar control elements 
have been established for target detecting and identification, tracking, alert, 
launch, and intercept direction. A system not unlike its offensive counter- 
part has been established to ensure the readiness of the total defense force 
and to direct its portion of the air battle. 
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Support elements. Weather: For that portion of UsAF operations con. 
ducted within the air ocean, an automatic weather observation and fore. 
casting element is under development. This element monitors the cop. 
ditions of the atmosphere on a global basis and permits constant and read 
machine input of weather data for calculating optimum routes, refueling 
areas, and restrike operations. 

Combat readiness: The need for high performance has made the air 
vehicle technically complex. To ensure a continuous high state of alert, 
family of automatic machines is under development to ground-check the 
combat readiness of each vehicle. An umbilical cord connects the vehicle 
to the ground-check machine. Automatic programers check each subsystem of 
the vehicle for proper functioning and identify malfunctioning parts so the 
can quickly be replaced. The part can be automatically reordered from the 
original vendor electromagnetically. The degree and speed of reordering are 
presently under study. 

Data transmission: Most important of the support elements is that which 
the usAF employs to interconnect all its command-control elements with a1 
command post for central management surveillance and decision making 
Modernization of this communications net is constantly in progress. 0! 
particular interest is the design concept: refurbishing of the network shoulé 
serve primarily to improve transmission of data in the total command and 
control complex. Heretofore the traffic has been primarily concerned with 
the transmittal of “messages” per se. In transmitting data the requirement for 
accuracy is infinitely higher. Errors in word messages are quickly noted and 
corrected through extrapolation, while errors in mathematical data compound 
themselves and are relatively irretrievable. 

Intelligence: Here data-processing techniques are used to screen the 
vast quantities.of information available on a potential enemy’s national 
posture, economic structure, research and development efforts, force deploy: 


ment, etc. Tons of data are sorted and screened for indications of strategic ; 


intent or technological surprise and for changes in posture. This intelligence 
activity directly supports command decision at all levels. It is important to 
realize that such command control data are used, on an urgent basis, by the 
top civilian management of the country for comparison and correlation with 
diplomatic and other intelligence to determine if a state of hostility exist 
or may soon exist. The dual utility of these data, both as inputs for top 
civilian decision making and for military command and control functions, 
underscores their increasing importance as time goes on. 


general design considerations 


We have seen that there was a time when strategic command decisiots 
were contained in the commander’s mind and he exercised control throug! 
relatively primitive communications. There are some indeed who still hold 
to this parochial view, even while acknowledging the advances which technol: 
ogy has made in these areas. But modern weaponry, with its inherent Com 
plexity and limitless vistas, has enlarged the scope of command and contro! 
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until it now encompasses the commander, the flow of essential war data, the 
war staff, and the entire organization and its resources. 

To produce an effective command and control complex, its designer 
must have at the outset a concept of operation which encompasses national 
strategy, Which takes into account the climate of decision at civilian and 
military decision-making levels, and which examines organization and _ as- 
signed missions. He must take notice of war-planning operations and control 
of forces, of communications and doctrine, of deployment of sensors and 
data-collection inputs, of the nature, deployment, and use of the weapons, 
and of logistics and other military support operations. In other words, the 
designer must truly understand the organization for which he is attempting 
to design a system that will automate the flow of decision data and to build 
automated evaluation aids and intelligent machines. 

The following illustration depicts the considerations that the de- 
signer of a command and control system must embrace in his study and 
analysis. Each of the items depicted includes complex internal data process- 
ing and associated communications and decision displays. Thus the items 
are capable of interconnection to permit flow of essential information to 
appropriate decision-making centers. In the usaF alone this display complex 
for data processing, Communications, sensor, and decision represents an 
investment of more than $5 billion. 

At this point it might be well to point out the differences between a 
weapon system and an electronic support system in the field of command 
and control. A basic characteristic of command and control systems is that 
they are in a constant state of evolution and progression. One system is 
not substituted for another. Rather it is added to and integrated with 
systems already in existence. One analogy, perhaps oversimplified, is the 
comparison of the command and control system to the electrical wiring 
system in one’s home, as opposed to the various electrical devices one plugs 
into it. You replace a toaster, a lamp, a refrigerator. But you never, or 
almost never, replace a complete wiring system. You add to it, modernize 
it, or revise it to accept the new gadgets that place a heavy drain on your 
arcuits. And, if you were wise, you tried to anticipate future needs when 
the home was being built so that future modification would be minimized. 

Another area in which command and control systems differ from weapon 
ystems per se is in the test field. You cannot test-fire an electronic support 
system. It is tested and developed in actual use~after thorough component 
testing, of course. This on-the-job-training concept of test has both ad- 
vantages and disadvantages, but such is the nature of the beast. 

A third important area is that of integration of the electronic support 
complex with a well-nigh infinite and changing number and variety of 
weapon systems to form an operational whole. Aircraft and missiles are of 
little value unless they serve their creators. Men who design air and space 
vehicles expect them to be able to respond to their wishes. The vehicles are 
required to probe, survey, penetrate, and do battle in distant theaters. So 
there must be a total integration of the air vehicle with the ground com- 
mand and control complex to form the “air warfare system.” Thus the 
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weapon system concept naturally evolved into a total concept, integrating 
the aerospace vehicle with the command and control complex to perform 
the military tasks expected of it by the commander. 

The command and control elements that have been described have two 
things in common. All have been designed to aid man in control of the 
complex aerospace-vehicle force. In addition all are predominantly electron- 
ic in nature. Being electronic, they are inherently capable of data distribu- 
tion through several successive elements. This interchange is accomplished 
by appropriate electrical interconnection of the elements. Interconnection 
permits data correlation to be a powerful tool. Decision centers can be 
shifted up or down echelon by means of the network to provide flexibility of 
operation and survival of command by redundancy. 


specific design considerations 


National strategy. The designer of the command and control complex 
must take into account the plans and national strategy which dictate our 
strategic posture. He should be aware of the required hardness and surviv- 
ability of the command centers and associated communications links. His 
design must consider our strike-second philosophy and the effective employ- 
ment of our aerospace weapons. He must implement the general plans for 
arming and defending our allies and the strategic plans for integrating the 
global and aerospace forces. 

Executive climate. There is a curious but important interplay between 
military posture and our national security and diplomatic activities. There 
is a commonness of intelligence and the decision data used by both the 
Presidential and the top military decision makers. More and more critical 
information and data are being gathered by our far-flung global military 
sensors. The flow and utilization of all war data are important to the com- 
mand and control designer. 


Force climate. The achievement of nuclear—ballistic capabilities in all 
three services and the implications of the use of this force in warfare place 
a premium on coordinated planning and control of all U.S. force resources. 
The designer of a command and control system must understand the roles 
of all services and the interplay between them in war planning, particularly 
with respect to targeting and replanning. The “decision to go to war” under 
an “attack-second” policy has important plan and replan overtones, partic- 
ularly in the matter of survival of command. 


Control of forces. The decision to employ force, the degree to which it 
will be limited, the reliable communication$ to a dispersed thermonuclear- 
armed force, and the transmittal of last-minute executive decisions are im- 
portant considerations. It may be that the side capable of regrouping 
intelligently for the second wave will win the historian’s nod. The weapons, 
their performance, and their integration must be understood by the system 
designer. 
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Combat readiness. In the nuclear age, logistics has translated itself 
into the problem of keeping the in-being force at razor-sharp combat read: 
ness. The entire war machine must be poised. The command and contr! 
system and the weapons must be cocked but not accident-prone. This is ¢ 
| design problem of no mean magnitude. 


The usar has planned or under way at the moment some twelve ele: 


ments which comprise its command and control complex. Before discussing 
a specific command and control element, however, it is necessary to explait 
the systems relationship between the command and control elements. 
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The elements are usually composed of similar subsystems. These sub- 
systems are (1) a form of an input, (2) a data-transmission means, (3) a 
data-processing complex, and (4) a situation display. Each element contains 
these subsystems, but they vary as to form, complexity, and nature. Each 
element is capable of interconnection with another element, and a number 
of elements form the whole complex. Finally there is a “system rhythm” about 
the complex. The best way to explain it is that a system is something one 
order larger than the component item or element immediately under scrutiny. 
To the bolt manufacturer the nut-and-bolt assembly is a system. To the 
nut-and-bolt manufacturer the system may be the wheel assembly or what 
have you. A similar system relationship applies to each and every element 
of the USAF command and control complex. In size these subsystems of com- 
mand and control elements may range from something like the Washington 
Central to the McGuire Sector of the Eastern Air Defense Force or to a net 
spanning the entire globe. 


sac Control System (saccs). One of the twelve major elements in the 
projected UsAF command and control complex is the Strategic Air Command 
Control System (sAccs). This system is to be utilized by the Commander in 
Chief, Strategic Air Command, as a tool for positive control of his force. 
To fulfill the sac mission, CINCSAC must have continuous, total, positive, and 
instantaneous control of his forces deployed at bases around the world. 
This can be achieved only if he has complete real-time knowledge of the 
status and capability of these forces. “Real time,” in this context, means that 
data collection, transmission, processing, and military reaction take place 
within the time element of the military problem—that decision making and 
reaction take place in time to effectively commit and employ the military 
force and complete the mission for which it was designed. This requirement 
dictates the need for a highly automated command and control system, such 
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as the one currently under development by the Air Force as System 465L~ 
SACCS. 

saccs is a high-speed data-transmission, data-processing, and data-display 
system to provide CINCSAC with information required to plan, direct, and 
control the world-wide operations of Strategic Air Command. In addition to 
displaying information for decision-making activities, the system will als 
aid in war planning, training exercises, flight-path planning, missile employ. 
ment, war gaming, and bomb damage assessment. The sac Control System 
provides the following features: a high-speed data-transmission network with 
automatic routing and error-detection-correction capabilities; high-speed, 
large-volume, random-access storage and computing capabilities, with cro 
telling of information; and automatic display of complex information in; 
form suitable for decision making. These features are indicative of the saco 
subsystems, i.e., data-transmission subsystem, data-processing subsystem, and 
data-presentation subsystem. 

Data and messages pertaining to each base or missile site are transmitted 
via a remote communications complex (Rcc) to an electronic data traffx 
control center (epTcc). Here they are routed to their proper destination 
The data are normally routed to a high-speed digital electronic computer 
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which operates on the raw data in accordance with predetermined programs. 
The finished data are stored in perforated pages available for display to 
the sac commander and his staff either by an automatic or request chain. 
The commander and his staff evaluate the displayed information, formulate 
the decisions necessary to control the force, and transmit commands to the 
sac units via the electronic data traffic control center into the remote com- 
munications complex. This entire process can be accomplished in a matter 
of a few minutes, most of which are required for the normal input at base 
level and for the decision-making processes. These few minutes between 
events and resultant commands will enable the cINcsac to constantly con- 
trol his forces under rapidly changing conditions with the effectiveness re- 
quired for instantaneous deterrent reaction. 


saGE. Another major USAF command and control system is the semi- 
automatic ground environment (SAGE). This system is utilized by the Com- 
mander in Chief, North American Air Defense Command, in directing the 
defense of the North American heartland. saAcE was primarily engineered 
and designed to combat the high-performance manned bomber. 

The technical significance of sAGE as a precursor in USAF command and 
control effort warrants a few words about its history. At the end of World 
War II the Air Force had in operation a manual “lash-up” air defense 
system composed largely of outdated World War II radars and communica- 
tions equipment. Small geographic areas in the United States were established, 
and each was assigned a manual direction center or ground-control intercept 
(cc!) station. The air defense facilities operated almost independently in 
following and conducting their own small portion of the air battle. With 
the advent of large numbers of high-speed, high-altitude bombers, the sys- 
tem was incapable of keeping up with the amount of data that needed to 
be processed. The Air Force then instituted an improvement program. Its 
findings proposed the continuing of the data-processing work by the Air 
Defense Engineering Systems Committee at the Digital Computer Laboratory 
of the Massachusetts Institute of Technology, with radar data-transmission 
equipment from the Air Force Cambridge Research Center. After a five- 
month study by Project Charles, Lincoln Laboratory was established to 
study further the use of a high-speed digital computer as a tool in the 
creation of an effective continental air defense system. 

In January 1953 Lincoln Laboratory issued an initial proposal on a 
“transition system” to convert the manual system into a computerized 
environment. To the existing network of air defense radars this transition 
system added digital computing equipment for processing data, presenting 
displays, and calculating weapon orders. It was this system which became the 
semiautomatic ground environment. 

To date, the sAGE program represents the command and control element 
in which the usar has invested most heavily and is most deeply involved. 
With the rapidly changing weapon technology, the usaF is at present re- 
assessing SAGE with a view to its further use in aerospace warning and 
surveillance. 
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command and control in near space 


In the operational area of near space, the USAF is responsible for keep- 
ing track—for defensive surveillance purposes—of all objects orbiting the 
earth. The Air Defense Command is operating its sPpADATS (Space Detection 
and Tracking System) Center at Colorado Springs, with the spapats Research 
and Development Facility (formerly the National Space Surveillance Con- 
trol Center) acting as backup and technical support. 

Mission of spApATs is to detect all satellites and space vehicles, to catalog 
and identify them, and to predict their future position. This mission is 
accomplished by a detection loop consisting of sensors tied to a computer, 
with a feedback line from the computer to the sensors that furnish initial 
acquisition data. Outputs from the system present users with data on each 
satellite in a form compatible with their needs. 

The sensors presently in use are of three types: optical, radio ranging, 
and radar. Optical sensors are the most accurate because the satellite’s posi- 
tion can be determined by measuring the angle between the satellite and 
the known position of fixed stars. When the aperture of the optical system 
is increased, very sensitive devices can provide surveillance at extreme alti- 
tudes. Since cloudiness or daylight can prevent visual observations, these 
devices are restricted to part-time operation. Radio ranging devices, using 
both direction-finding and Doppler techniques, are employed when the 
orbiting satellite transmits a signal or when a deep-space probe radiates 
signals back to earth. These signals can be used to determine the present 
position of the object and to predict its future location. Radar is capable 
of continuous coverage in any weather conditions, although its range is 
limited by the present state of the art to approximately 2000-3000 miles 
for a one-square-meter target. Even significant increases in the power output 
of the radar transmitters will not enable the detection of satellites much 
more than a few thousand miles from the earth. 

These sensors transmit data which are processed in Philco 2000 com- 
puters at the spADATs Center and the r&b Facility. Computer programs have 
been written that will provide “look angles” to the sensors for future satellite 
passes, using the data transmitted to the sensors from sPADATS on earlier 
satellite passes. Also the sighting information is used to compute the “space- 
track bulletin” issued on each satellite. This gives the users the information 
necessary to determine a satellite’s position at any time. 

The first major space-track activity of the former National Space Surveil- 
lance Control Center was tracking the decay of the carrier rocket of the 
first sputnik, which occurred only some 48 hours after the project was organ- 
ed. Despite a crash-basis operation, the activity was able to make significant 
contributions in coordinating the activities of the radars at Jodrell Bank, at 
Millstone Hill, and in the vicinity of the Stanford Research Institute in 
California. Nsscc worked closely with the Smithsonian Astrophysical Ob- 
srvatory during the last revolutions of the satellite. 

By April of 1958 Nsscc was performing routine computations on the 
Motions of the only remaining Soviet earth satellite, Sputnik II, as well as 
Participating in the countdown and launch of all U.S. satellites. Ephemerides 
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of Sputnik II were being dispatched by teletype and cable to intereste 
scientists and observations returned by the same means, which allowed 
rapid reaction to the rather unpredictable motion of the decaying satellite 
Full exchange of unclassified data had been initiated with the Smithsoniay 
Astrophysical Observatory and has been continued ever since. Because of 
the rapid response made possible by the use of teletype and telephone, up-to. 
date predictions for Sputnik II enabled visual observation of its decay over 
the Caribbean early on the morning of 14 April 1958. Both land observer 
and ships at sea reported seeing the flaming object as it passed over the 
eastern United States and down across the Caribbean. This was the firs 


and so far the only time that the final decay of a U.S.S.R. satellite has actually f 


been observed. 

By July 1958 nsscc had graduated to its first fully-owned electronic 
computer—1BM 610, which was used in conjunction with a Cambridge Re. 
search Center 18M 650. These two computers and a modest increase in mili 
tary and civilian personnel enabled Nsscc to issue its first routine prediction 
on a U.S. satellite. Regular bulletins for Explorer IV were started just prior 
to the famous Argus experiments of September 1958. Gradually other U. 
satellites were added to the list, and soon Nsscc was maintaining a Catalo 
on all satellites. In December 1958 the Advanced Research Projects Agenc 
provided funds for the present sPADATS R&D Facility, which was dedicated in 
February 1960 as the National Space Surveillance Control Center. Since 
then, nsscc has been the prime source of information on all orbiting objects- 
whether satellite, rocket body, or odd piece of space “junk” cast off in satellite 
launch or decay—providing a current catalog on all satellites and predicting 
the position and motion of all artificial earth satellites. Such information is 
now being used by the scientific and intelligence community to solve some 
of the complex problems facing the Department of Defense as the Nation 
moves further toward the goal of an automatic warning system. 

In 1960 the Air Defense Command began training its own people to 
man the nation’s satellite surveillance center, by having them in on-the-job 
training at the National Space Surveillance Control Center. These are the 
personnel who are now operating the spapATs Center at Colorado Springs 
reporting this vital information to NORAD. 


command and control in deep space 


While it is far too early to outline in detail the nature of the command 
and control system needed for deep-space operations, some of the problems 
to be faced are highlighted by the Pioneer V vehicle, which is to pass within 
several million miles of Venus, and at which time the United States would 
like to be capable of exercising full control. This statement depicts the 
rudimentary state of our command and control capability in deep spat 
as of this date. It is the achievement of progressive, increasing space command 
and control that we earnestly seek and toward which the national effot 
must be pointed. 
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WE have seen that a high degree of commonness exists between 
the command and control elements which the United States Air Force employs 
for vehicle and air-weapon control in the air ocean and that which will 
be employed in near- and deep-space activity. Only through determined 
pursuit of a policy of commonness in the use of its command and control 
resources, from both a functional and an operational sense, can the Nation 
hope to achieve full utilization of these resources and more positive control 
of aerospace-vehicle activity. On basis of the progression of command and 
control elements thus far, as discussed here, it is logical that the usaF should 
continue to apply its experience and operational know-how to near space 
and deep space to achieve a single, integrated control capability. 

A survey of the automation-communications efforts within the United 
States Air Force has revealed that a plurality of separate organizations was 
responsible for only partial implementation of command and control sub- 
systems. Most of these organizations were basically “black box’ orientated. 
It was evident that if systems problems of the magnitude outlined were to 
be successfully solved a development organization had to be created solely 
for the management design, development, and implementation of integrated 
command and control systems. 

To accomplish the over-all command and contro] development mission, 
arecent reorganization of the Air Force has established the Electronic Sys- 
tems Division (EspD) as one of the major divisions of the Air Force Systems 
Command. In effect Esp is a lineal descendant of the old Air De- 
fense Systems Integration Division (ADSID). ADSID was set up to ensure that 
all air defense weapons and the electronic systems that controlled them were 
compatible, one with the other. Hence the important word “integration” in 
the title. Germane to the problem also was the need for positive control 
of the entire air battle, offensive as well as defensive. Esp will continue 
the ADsSID job, expanded to include all usaF command and control systems. 


AN automated ground environment or sophisticated command und control 
system is now a requirement for the control of any weapon or force. Inter- 
system integration has been demonstrated as essential for air defense and 
will be required for aerospace activities. Systems must be meshed to perform 
a functional mission, such as aerospace offense. Some systems are common 
to several mission areas, e.g., the weather data-handling system. Data trans- 
fer, common language, multipurpose computers, joint use of facilities, re- 
dundance for reliability, and dispersal for survivability are all indicators 
leading toward a common aerospace control environment. 

The usaF is rapidly extending command and control systems that were 
originally conceived for employment in the air ocean to control operations 
in near and deep space. The extension of operations to these new theaters 
outside the air ocean comes naturally to the Air Force and capitalizes on 











212 AIR UNIVERSITY QUARTERLY REVIEW 


prior efforts and experience. Command and control systems are heavily 
steeped in the electronic and automation technology and have evolved 
basically from the electronics, automation, and communications plant which 
the Air Force has operated globally for more than a decade and a half. 
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Requirements for 


Aerospace Weapon Systems 


MAJOR GENERAL Bruce K. HOLLOWAY 


agi stated, the function of requirements planning is to determine 
first what operational capabilities will be needed in the future and then 
the specific weapon systems to establish those capabilities. Required capa- 
bilities stem from the tasks and responsibilities assigned the Air Force. They 
are responsive to our national objectives. They must be in consonance with 
general military policy and established aerospace doctrine. Requirements for 
the ensuing necessary individual weapon systems must be defined as specifi- 
cally and quickly as possible. The systems must be the best that can be 
made available, but their cost must not be prohibitive. 

Proceeding from these broad fundamentals, this examination of re- 
quirements planning will highlight what we believe to be its course during 
the next 10 to 15 years, as determined by the evolutionary character of future 
requirements. The discussion will include basic considerations from which 
requirements must derive and many of the limiting influences that must be 
weighed. Some attention will be devoted to the manner in which requirements 
administration/documentation has already been revised for the future. 
Finally, a number of the reasons will be considered why the Air Force must 
continue to define its own requirements. 

During the next decade requirements planning must be vastly more 
dynamic than in the past. Undoubtedly the acceleration of change will 
furnish the most significant impact on requirements. Traditionally ‘wars 
have been started with weapons developed during the later phase of a 
previous conflict. In peacetime the requirements function in staff planning 
was then relatively static. Its emphasis was on slow improvement in hard- 
ware needed to support an already tested operational concept. The same is 
not true today. Since World War II the rate of technological growth has 
been phenomenal. It is obvious that another major conflict would not be 
fought with weapons in the same class as those of World War II or even 
Korea. Operational concepts would be radically different. 

Future technological growth will continue to accelerate at an exponen- 
tial rate. This condition makes it imperative that those engaged in satisfying 
the requirements function in staff planning be more imaginative and look 
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deeper into the future than ever before. Their outlook must be increasing) 
sensitive to changing situations and to new potentials as they become avail. 
able to ourselves or the enemy. Requirements will have to be quickly modi. 
fied or reoriented so that we take prompt advantage of technical posi. 
bilities which occur. At the same time the perimeters of science have become 
so broad that it is not possible to attack them all simultaneously. The 
major efforts will have to be directed toward the approaches which offer 
the best chance for successfully developing capabilities or systems urgently 
needed. As never before, the requirements plan must “lead” basic research 
and advanced development. Careful guidance will ensure that the effort js 
profitably directed. 


evolutionary nature of requirements 


Desired future operational capabilities are often called “long-range” 
requirements; individual weapon systems to give that capability are called 
“short-range” requirements. These are convenient terms, but they imply a 
sharper line of demarcation than actually exists, since both designate parts 
of the same evolutionary process. Requirements initially try to look far 
into the future, but the effort is based on very meager information. Neverthe. 
less the required general capability is estimated. As time progresses and 
more facts become available, the estimates assume greater validity, and the 
nature of the exact capability needed becomes more self-evident. Finally it 
becomes possible to describe in detail the individual systems which, as 2 
family, will give us the desired capability. 

Long-range requirements, usually written seven to fifteen years in 
advance, are principally to guide basic research and advanced-system studies. 
It should be emphasized that these are our best estimates and that they 
must inevitably be modified and changed with time. Intelligence data for 
such time periods obviously are less valid than for the near future. Esti 
mates of technical feasibility are based more on possibility than on prob- 
ability, more on probability than on certainty. For those reasons long: 
range requirements are written in comparatively broad terms that describe 
only the general capabilities required. These are first expressed in such 
terms as “operate in near space” or “sustain an aircrew for an indefinite 
period.” Later the desired capability can be described by individual mission 
areas and in somewhat more specific terms. It should be possible, for ex: 
ample, to specify in a general way the speeds, altitudes, and flight regimes 
needed. Long-range requirements must be broadly conceived for two rea 
sons. First, we are only estimating our technological capability for the 
required time period. Secondly, a reasonable degree of latitude should be 
allowed for basic research and advanced study. Exploration of all the most 
feasible possibilities is desirable so that the best specific approach can be 
taken. Long-range requirements point the way to the areas where technolog' 
cal advance is needed. They furnish the signposts to basic research. Bastd 
on improved information, long-range requirements must be constantly t 
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viewed and updated. Above all, they must be flexible enough to allow 
rapid exploitation of technical breakthroughs. 

Short-range requirements are written in terms of individual weapon 
systems, usually three to five years in advance. They are based on better in- 
formation and a clearer understanding of immediate responsibilities. Above 
all, short-range requirements are based on what is known to be technically 
feasible within the time period. For these reasons, and as an aid to weapon 
systems developers, short-range requirements can be and should be written 
in terms that are comparatively specific. For example, in considering a 
manned interceptor, short-range requirements describe exact speeds, altitudes, 
duration, and crew. As more decisions are needed during the preliminary 
development study phase, short-range requirements may be modified to 
include even more detail, such as the type and number of engines. 

All this is not intended to stifle in any way an imaginative developmental 
approach. On the contrary, it is the guidance the builder wants. To illustrate, 
the written requirement for a transport aircraft may not specify a load 
capacity of “between 75 and 90 thousand pounds,” as this characteristic would 
probably describe not one but two different aircraft. One designed against 
the lighter load could be faster and of longer range than one designed 
against the heavier load, but the former would probably cost less to operate. 
The builder needs to know which of these two aircraft we want the most. 
Short-range requirements written in specific terms ensure that the developed 
weapon system will be exactly tailored to the part it is expected to play in our 
total capability. 


fundamental considerations 


Requirements established for either a future capability or a specific 
system must be based on careful consideration of the tasks to be accomplished, 
the threat we face, and a technical estimate of what is feasible within the 
state of the art. 

Air Force tasks grow out of the national objectives and policies emanat- 
ing from the President and the National Security Council. Specific responsi- 
bilities are placed on the Air Force through the Joint Chiefs of Staff and the 
Department of Defense. A clear understanding of exactly what is expected, 
both immediately and for the future, must prevail before valid requirements 
can be properly defined. In establishing programs for specific weapon sys- 
tems, requirements must be highly responsive to the stated needs of unified 
or major air commands. Systems selected must be those which enable our 
tactical forces to accomplish their mission as easily and effectively as possible. 

Evaluation of enemy capabilities and intentions will be a major influ- 
ence in establishing requirements. Intelligence information is constantly 
being changed and updated as new facts become known. The requirements 
function will have to be flexible enough to allow for rapid modification or 
ven complete reorientation of our own objectives. Of even greater signifi- 
cance is the fact that the threat itself does not remain constant. The enemy 
is constantly re-evaluating, redefining, and replanning. The threat is 
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therefore constantly changing. During the next decade it will be diff. 
cult to keep our own requirements secret from the enemy. His evaluation 
of their impact and of the threat posed to him will directly affect the 
requirements he establishes. His intent will change, and his new intentions 
in turn will furnish a major input for reassessment of our own ob- 
jectives and requirements. To carry this one step further, before establish. 
ing requirements we must consider in advance what the probable impact will 
be on enemy plans and capabilities. This is a real “chicken or egg” process, 
Requirements planning will have to constantly re-evaluate not only intelli- 
gence concerning the threat but the potentials which the enemy may employ 
against us. 

A careful and honest evaluation of technical feasibility is the third 
basic input to be considered in establishing requirements. For example, it 
would not be practical to require an operational capability for manned 
landings on Mars in the 1968-1970 time period. It would not be feasible 
to require that a manned interceptor system, capable of speeds of mach 20, 
be operational by 1965. As to future capabilities, the requirements func 
tion must yield two results: First, it must point to the direction in which 
study is needed, guiding research into avenues which show the greatest 
promise for developing weapon systems that will give a decisive military 
advantage. Secondly, it must be exercised imaginatively so as to stimulate 
technologic breakthroughs. In plain language, we in the Directorate of Re 
quirements try to push the state of the art as hard as possible. On the other 
hand, requirements for specific weapon systems are established only when it 
is clearly indicated that such systems are technically possible. For example, 
we know that it is feasible to produce a transport aircraft with speeds of 
mach 3 by 1968. A specific requirement for it can be written if such a system 
is actually needed as a part of our 1968 capability. 


limiting considerations 


The requirements task would be comparatively easy if it were restricted 
to description of need based purely on evaluation of tasks, the threat, and 
feasibility. From a practical viewpoint, however, the Air Force will up- 
doubtedly not be able—as it is not now able—to procure all the systems we 
think would be useful. We must presume that we will not be able 
buy in the quantities that would give us overwhelming superiority. A greal 
many expediency considerations will limit the things we can do. There wil 
be restrictions in available money, manpower, and material resources. Thert 
will be political impacts, both national and international, which will affect 
decisions. Based on our desired capability as modified by these practical 
considerations, the first requirements function will be to determine the 
best composition of aerospace forces to give that capability. Then we wil 
select the best mix of specific weapon systems to establish this force compos 
tion. To determine the necessary trade-ofis, the prime yardstick will b 
cost effectiveness—how to get the most for our dollar. Cost is measured 00 
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only in money but also in time, manpower, and material resources. Effective- 
ness is the qualitative measure of one system against another, related to the 
total capability desired. 

Budgetary ceilings are perhaps our most obvious limitation. During 
recent years money appropriated to the Air Force has been considerably 
less than was needed to completely fund all desired programs. Based on 
rapidly increasing costs of advanced systems, there can be no doubt that this 
situation will continue. Probably it will become even more serious during 
the next decade. Thus one of the prime functions of the Requirements 
staff will be to discriminate between ‘‘must have” and “want to have.” Our 
hard-core requirements—those most urgently needed—will have to be care- 
fully identified by priority so that they get the higher funding out of the 
money available. At the same time basic research must be adequately 
financed, for it is the best insurance we can buy to guarantee that succeeding 
generations of weapon systems will continue to be qualitatively superior. 

Related to budget-ceiling limitations will be the problem of advanced 
budget planning. This problem would be considerably less complex if it 
were possible to plan ahead for several years with some degree of confidence 
that money for the plan would be available when needed. Unfortunately 
funds are appropriated on a year-to-year basis. It is not possible to forecast 
at long range either budget ceilings or limitations imposed on individual 
programs as a result of annual reviews. Consequently our programing often 
must be conducted on a “hand to mouth” basis, which is of course wasteful 
and inefficient. Constant budgetary defense, rejustification, and resultant 
program reorientations are very time-consuming and take considerable effort. 
Although solution of this problem falls outside the purview of the Air Force, 
it is a real problem and one with which we have to live. 

Another extremely serious money problem is accurate estimation of 
advanced program costs. Too frequently the actual cost of a major program 
has been two or three times that estimated only montlis before. Rarely has 
cost been overestimated. The Air Force does not have a contingency fund 
to cover these unexpected increases. When the cost of a program rises to 
any significant extent, either that program must be cut back or another 
robbed to make up the difference. This has a seriously adverse effect on our 
operational capability. Since “fat” has already been trimmed, the cut must 
come from “muscle.” For several years this problem has been of grave con- 
cern, but it has not been solved. Each overrun causes an agonizing re- 
appraisal of the weapon system concerned and of the relative priority of 
all other systems. Something has to be sacrificed. It will not be possible to 
do meaningful planning for selection of required systems until a way can be 
devised to estimate future costs with reasonable accuracy. This problem does 
fall within Air Force purview, and it is one we must solve in the near 
future. 

Manpowef ceilings will be another restriction to consider throughout 
the foreseeable future. The Nation’s ultimate limiting resource is prob- 
ably manpower rather than economic capacity. Both long- and _short- 
tange requirements must therefore be based on careful evaluation of their 
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manpower connotations. Those selected must not be too costly in number 
of people needed for system operation or maintenance. Also related to this 
factor will be the complexity of advanced systems. We have always had 
difficulty in retaining very highly trained and skilled technical people. |t 
is time to face the fact that we probably never will be able to keep such 
individuals in large numbers. The systems we select must therefore be one 
which can be operated and maintained within the skill levels we will have, 
and simple enough, on a practical basis, to sustain a high “in-commission” 
rate and combat-readiness status. 

Many other considerations will limit the things we can do, and most 
will relate also in some way to money and manpower. Geographic con. 
siderations, for example, might imply that a particular system must operate 
under very adverse weather conditions. Other considerations might be those 
of serviceability, maintainability, or expected useful service life. Certainly 
the extent of our technological know-how will be an important material 
limitation. The development of a manned vehicle traveling at ultrahigh 
speeds might be technically feasible but only at extreme cost in both money 
and manpower. Then with a decisive breakthrough in metallurgy or propul- 
sion, such a system might suddenly become possible at an attractive price. 
Limitations in material resources usually will be such that we have little 
or no control over them. Still they will be highly important when deciding 
which trade-offs should be made to get the best weapon. 

Outside of purely military considerations, there are and will be political 
effects upon requirements planning. Political factors are constantly in flux, 
changing rapidly at times. They concern, for example, our political re 
lationships with and obligations to both friendly and neutral countries. 
Even the internal politics of other nations sometimes affect our own require- 
ments. Certainly the political and foreign policies of an enemy have a pro- 
found impact upon them. This impact may be distinct or different only in 
degree from the impact of an enemy’s military potential. Formal Nato and 
SEATO commitments directly affect our desired future operational capa- 
bilities and our requirements for specific systems. 

These several areas encompass the major limitations that must be 
factored in determining best possible trade-offs to give us maximum capa: 
bility at minimum cost. 


requirements decisions 


Part of the requirements function is to define a desired composition of 
forces. This definition must be derived from consideration of the operational 
tasks to be performed, the threat to be countered, and the technical possibili- 
ties, with due regard for the limitations listed. Its formulation will be con 
cerned primarily with necessary trade-offs between mission areas. The relative 
importance of various subtasks will have to be weighed. The compare 
tive need for and value of offense versus defense will have to be judged. We 
must evaluate the need to support general-war versus limited-war cap* 
bility, including the degree to which the one effort could support the other in 
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emergency. We must examine the need to support tactical forces with, for 
example, airlift and training. 

Once the desired composition of forces is defined, the next function of 
the requirements process is the selection of specific systems to achieve this 
force structure. Such considerations hinge about quality versus cost, or cost 
effectiveness. Obviously a system will be highly desirable if it promises 
markedly superior performance at small price increase. Conversely, a sys- 
tem will not be worthwhile if it costs significantly more but offers only a 
small improvement in performance. Unfortunately our choice seldom lies 
between alternatives permitting a “black or white” decision. Care has to be 
exercised so that improved effectiveness is well worth the cost involved, 
particularly for improvements during production or for modification dur- 
ing service life. To reduce the time from decision to operational avail- 
ability, development and test programs are often conducted simultaneously. 
While this procedure is necessary, it does prevent some possible improve- 
ments from being incorporated into early production articles. Also modifica- 
tions of in-service equipment are so costly in money, manpower, and opera- 
tional readiness that all proposed changes must be closely scrutinized from a 
cost-effectiveness point of view. On the one hand we want to take advantage 
of possible improvements, but on the other hand it is desirable to freeze 
design as early as possible. One duty of the requirements function is to 
choose between these alternatives. 

From the foregoing it should be apparent that in establishing both 
long- and short-range requirements a vastly complicated interrelationship 
between many factors must be considered. All these factors bear to varying 
degrees on the problem. All must be carefully weighed. The impact of 
possible trade-offs must be carefully evaluated before the best decision 
can be reached. Judgment of the most mature type is needed throughout 
the entire Air Force structure. The problem is further complicated be- 
cause the requirements function must in no way impede the development 
process. It must be consistent enough to preclude confusion, yet fluid 
enough to adapt to new situations. Requirements changes must be ac- 
complished in such a way that orderly study of advanced system potentials 
and system development is facilitated. We cannot go “chasing butterflies in 
the meadow,” but neither can we remain married to concepts or systems 
which are no longer defensible in cost effectiveness. 


requirements administration 


A requirements administrative/documentation system is needed which 
is in consonance with this approach and which is clearly understandable. 
Such a system, covering both long-range and short-range requirements, will 
serve as a check list to ensure that desired actions are not omitted and that 
they take place on schedule. With this purpose in mind, the Air Force 
requirements administrative/documentation system was recently revised.* 


*Description of the system and related documents is contained in Air Force Regulation 80-2. 
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Long-range requirements will be documented as required operational capa 
bilities (Roc). These will be the basis for research and development ob 
jectives (Rpo) and for system development requirements (spr). They will 
give detailed guidance to basic research and advanced development. Advanced 
development system studies (Apss) will determine and recommend general 
approaches and specific systems best suited to meet required future capa 
bilities. Based on results of these studies and on qualitative operational 
requirements (gor) submitted from the field, specific operational require. 
ments (sor) for individual systems will be established. 

As we gain experience during the coming years, the present administra- 
tive/documentation system undoubtedly will need to be further modified, 
improved, and streamlined. We believe nevertheless that changes will still 
adhere to the same basic philosophies and principles. The system must be 
highly flexible and responsive. It must be geared to give the earliest possible 
requirements decisions. Above all, it must facilitate rapid and_ order 
development of weapon systems. 

During the next 10 to 15 years other services and Government agencies 
may also have interest in and responsibility for aerospace. systems. For rea: 
sons of national economy and considering Air Force budgetary limitations, 
the Air Force must and will strive to prevent needless duplication and waste. 
Nevertheless our prime concern must be with the military tasks assigned to 
us, since they are vital to national survival. Compromises that might seriously 
degrade our military capability will not be acceptable, either to the Air Force 
or to the Nation. 


In broad terms, we have seen something of the nature of the requirements 
function, now and for the next decade. Greatly increased emphasis will have 
to be placed on careful delineation of our long-range needs. Requirements 
planning will have to be cast further ahead with keener vision than ever 


before. It must take the lead, pointing out the path we want to travel. As | 


time progresses, requirements planning will have to be alertly receptive to 
new ideas, new situations, new possibilities. It must not be afraid of change 
when change is indicated, but at the same time it must work with care 
and wisdom to preclude vacillation, confusion, and wasted effort. Solving 
this dilemma will take mature judgment of the highest order. Individual 
weapon systems will have to be selected earlier. They will have to be described 
in more careful detail than ever before. 

The requirements function in Air Force planning, like the Air Force 
and the Nation itself, faces a challenge ahead that is without parallel. The 
mushrooming rate of technological growth will give a new perspective to th¢ 
element of time. Progress that might formerly have taken a generation will 
now be possible in several short years. To the Directorate of Requirements, 
this means that evaluations must be completed and decisions rendered 
within radically compressed time spans. At the same time the complexity 
of advanced systems will be coupled with a vastly increased number of 
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alternatives from which we must choose. The evaluation process will therefore 
be more complicated and must be more comprehensive than ever before. 
The decisions we reach will be more vital to national survival. This, then, 
is the real challenge requirements planners must meet: Can we carefully 
consider, fully evaluate, and then decide at a pace to match our science? 
We are confident that we can and will. 


Headquarters United States Air Force 








Budgeting for the Aerospace Force 


Major GENERAL ROBERT J. FRIEDMAN 


HE interested reader of this publication devoted to aerospace force in 

concept and in being might well be excused for asking before this 
point, “When are you going to get to the all-important question of buying 
the aerospace force?” His impatience may reflect a cynicism stemming from 
personal knowledge of the impact of budgetary decisions on military 
programs. 

It would be naive to deny the importance of funds in the attainment of 
military objectives. Yet the late positioning of the subject in the order of 
this publication is not accidental. Rather it is intended to emphasize the 
fact that the budget is one of the final considerations in the process 
of conceiving, planning, and programing the aerospace force. I realiz 
this is directly contrary to the idea which has been nurtured, particularly 
by the events of recent years, that the budget comes first and rules all and 
that everything else must be made to conform to the rigid framework it 
establishes. But a moment’s reflection upon a few fundamental truths will 
I believe, bear out the premise. 

The budget makers cannot put a price tag on mirages or on concepts. 
They must deal in tangibles—in men, machines, facilities, goods, and serv- 
ices. In a word, theirs is the finishing touch. First come the men of vision 
who can foresee the force of tomorrow and can communicate their thoughts 
and concepts tangibly to those who will bring them to fruition. Next, ob- 
viously, are the efforts of those whom, for want of a better label, we might 
call the more practical people, although with no intent to belittle those 
whose priceless gift of vision, forethought—or prescience, if you will—is s0 
vital to achieving the aerospace force of the future. They must translate 
ideas into new items of hardware and plan the utilization of forces which 
will be equipped with the new hardware. This practical planning includes 
all components of the weapon or support systems involved, including mate: 
rial, manning, logistics, operations, bases and installations, communications, 
etc. Finally we must program the “bits and pieces” according to realistically 
attainable increments, quantitywise, qualitywise, and timewise. Only then 
can we fashion a budget, solidly grounded in all that has gone before. 

Having gone through this sequence and arrived at the point where we 
must express all our dreams, aspirations, plans, and programs in the cold 
dollars-and-cents terms of the Federal budget, what now are our chances 
of success in “buying the aerospace force”? True, there are constraints; but 
there is also the relentless force of progress. 

When we talk about buying the aerospace force of the future, we must 
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consider that, to the extent it is bought, it will be paid for by taxpaying, 
earthbound United States citizens. These citizens will have a number of 
things on their minds besides space, and many other demands upon their 
resources. One has only to reflect upon his own personal budget to get the 
full import of this fact. As for new types of defense programs in space, to 
many people an understanding of the need to be there at all is as “far out” 
as space itself. One thing is crystal clear: space programs will be extremely 
costly. This is especially pertinent if military requirements also continue to 
exist for the more conventional weapons. It is predictable, therefore, that the 
question of how much military strength is enough will be encountered with 
increasing regularity. 

As the aerospace force will be but one of the claimants for whatever 
defense resources are available, so will defense needs be but one of the 
daimants to total available Federal resources. It is not widely recognized, 
but true nevertheless, that some of the most explosive pressures in regard to 
the national budgets for the past several years have been generated in non- 
defense programs. It is unlikely that this trend will now be reversed. Edu- 
cation, for example, is certain to receive increased attention and assistance 
at the Federal level. While this assistance will increase the competition 
with defense programs for funding, obviously improved education is essential 
to the aerospace force of the future. We must have a growing source of the 
men of vision and the other scientists, mathematicians, specialists, and 
leaders to conceive, plan, build, operate, and control the force of tomorrow. In- 
creased emphasis on education complements, rather than competes with, the 
defense program. 

Increased pressures on the national budget will also develop from other 
programs, in such areas as increased assistance to the aged and the impov- 
erished, relief of depressed areas, or increased public works. While perhaps 
not directly, defense does nevertheless reap an advantage from these programs 
in that they maintain or enhance the vigor of the national economy and 
contribute to its growth. For it is upon increased economic growth or in- 
creased rate of taxation, or both, that we must rely for the ability to buy the 
aerospace force that we will need. 

As a frame of reference for discussion of the interrelated elements of 
gfoss national product, economic growth, taxation, personal consumption, 
and Government expenditures, the accompanying chart which is taken from 
Department of Commerce estimates graphically compares gross national 
product, personal ccnsumption expenditures, and Government expenditures 
for the period 1930 to 1960. 

First, as to increased taxation, the chart clearly indicates that Govern- 
ment expenditures have not risen in proportion to the rise in gross national 
product and personal consumption expenditures. Even in the war years 1941- 
1945 Government spending did not reach the level of personal spending. It 
is apparent that a higher proportion of the national resources can be devoted 
0 Government expenditure if required for attainment of the aerospace 
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force. What is not indicated by the chart is the high degree of courage that 
will be required if increased taxation is necessary. If to the abstract nature 
of space in the minds of men is added the normal antipathy of taxpayers 
toward increased Government spending, one may appreciate the political 
courage that will be required to levy new taxes or increase existing rates. 

The chart, however, also suggests that perhaps the sacrifice on the pari 
of the taxpayers need not be great to provide dramatic increases in 
resources available for Government and defense spending. Government 
spending is no higher today than at the peak hit in 1944, yet since that time 
personal spending has climbed from approximately $120 billion to $33) 
billion—a 275 per cent increase. As the 1944 Government spending rep: 
resented World War II expenditures, the period 1952-1960 may provide 4 
fairer comparison. During this period Government expenditures rose ap: 
proximately $20 billion, from $80 billion to $100 billion, or 25 per cent 
while personal consumption expenditures rose approximately $100 billion, 
from $230 billion to $330 billion, or 43 per cent. Viewed another way, # 
the end 1959 poitt a reduction of only 5 per cent in personal consumptiot 
expenditures would have provided an increase of some 1614 per cell 
in total Government spending, or an increase of some 40 per cent in dé 
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fense spending if applied solely to defense programs.* Although it may ap- 
pear that some measure of sacrifice is warranted, sober consideration must 
be given to the limits beyond which increased taxation would stifle further 
growth and thus retard one of the bases upon which we must depend for 
financing the aerospace force. 

Much has been said recently on the subject of financing increased 
programs by economic growth. Increased growth, unaccompanied by infla- 
tion, will result in greater revenues and therefore will make possible some 
measure of increased Government spending without increase in rate of 
taxation. Economists differ as to the rate of growth, but it is generally 
accepted that without increase in rate of taxes the relative distribution 
between personal spending and Government spending will remain sub- 
stantially the same. Consequently when the pattern of distribution does 
not change and aggregate totals increase, each segment benefits. For in- 
stance, a net increase in gross national product provides a net increase in 
tax yields and an increase in private consumption. For every dollar devoted 
to Government spending, there will be $3.30 applied to personal expendi- 
tures. Although this rate can make a significant contribution to total Gov- 
emment financing, it is problematical whether this factor alone will finance 
the aerospace force requirements. 

Thus far in this discussion I have pointed up the obstacles in buying 
the aerospace force. The military can not be complacently content to design 
forces, make plans, estimate the costs, and then rely upon the Biblical 
injunction, “Ask and ye shall receive.” The “aerospace” label on any 
program will not be a magic word which will cause an automatic flow of 
funds. Despite the problems which I have posed, however, my outlook as to 
the future remains sanguine. 

Maintenance of military strength has become an accepted part of na- 
tional policy. Our country now takes a more stable, consistent view of the 
requirement for military forces, which makes possible better planning and 
management in the defense establishment. An informed public is a keystone 
to buying the aerospace force of the future. If it understands the necessity 
for such forces, the public will support programs that are demonstrably 
necessary, as a logical extension and projection of today’s forces. 

Under these circumstances, what sort of aerospace force can we afford? 
As to the near term, the financing of the force has already been approximately 
fxed. Because of the lead time required to move from concept to drawing 
board, to production, to training and equipping the force, we have already 
made that determination. The aerospace force for the near future will 
inlude much that is now in being, some new systems that are now in 
production, and a few others on which research and development work is 
about complete. 

The problem will arise in the transition from the short-term to the 


“Comparisons are given in current dollars. It is recognized that this does not include dis- 
‘ortion resulting from inflation. The principle to be illustrated, however, is valid. 
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long-term implementation of the aerospace force. Our national policy mug 
resist the temptation either to judge prematurely a system’s effectiveness o 
belatedly to substitute funds for time. Of one thing I am certain—we cannot f ; 
buy the aerospace force as though by turning a spigot on and off. 

The Air Force can contribute to the amount and kind of aerospace force 
we can afford to buy by the quality of its management. Obviously the mor 
economically our day-to-day operations can be run, the larger will be the 
amounts that can be applied to the development and production of ney 
systems and equipment. It will continue to be essential to concentrate on 
the elimination of unnecessary costs in the design of systems. Selectivity 
of systems will become more and more important. Management concepts 
such as “concurrency’—i.e., the simultaneous expenditure of effort and 
resources on development, on production, and on base facilities—mu Bim 
be further developed and judiciously applied. The Air Force must continu 
to stand ready to do its share. 

In summary, the buying of the aerospace force will require a fine, clog 
balance among many complex factors, calling for all the foresight, wisdom, 
experience, sacrifice, and courage that can be brought to bear on the problem 
Beware the charlatan who offers a panacea as a substitute. 

It is my conviction that while the problem of meeting the cost of th 
required aerospace force is not one susceptible of speedy, facile solutiong? 
from the standpoint either of the National Administration or the Air Fore,g 
nevertheless the difficulty is not insuperable. 




















Headquarters United States Air Force 
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PART IV 


Development and the Aerospace Force 


A scientific technology has become more and more the pacesetter of 
the aerospace force. On systematic and farsighted exploitation of 
scores of scientific fields will depend the rate of progress of comple- 
menting and reinforcing weapon systems as well as in the command and 
control systems and communication networks demanded by the burgeon- 
ing ranges, spatial heights, and incredible speeds of the aerospace age. 


The decade of the 1950’s brought military technology into a 











long-term, substantial program of research in basic as well as applied 
science. The decade of the 1960’s now opens with a similarly deter- 
mined attack on the complete cycle of science and technology for the 
purpose of accelerating their application to military purposes. In part 
this effort will advance a systematic and thoughtful search for new 
principles and new ideas. Though in their original context the find- 
ings may be far removed from military problems, by ingenious appli- 
cation they may offer new approaches to solutions. 

Part IV presents the vital relationship of research and develop. 
ment to the continuing establishment of superior aerospace forces, to- 
gether with associated examination of the mechanics of the technical 
breakthrough, the significance of the concurrency philosophy, the 
probable mix of manned and unmanned systems in the aerospace force, 
the contribution of the spacecrew to spacecraft operations, and the 


Air Force program in that fundamental area, propulsion. 
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The Operational Urgency of R&D 


LIEUTENANT GENERAL BERNARD A. SCHRIEVER 


) [; THE 15 years since the close of World War II we have seen a productive 


increase in science and engineering on such an unprecedented scale 
that it is sometimes referred to as a “technological explosion.” Major dis- 
coveries in these areas used to occur once or twice in a generation. Now they 
come along every few months, significantly changing the environment in 
which men live and conduct their activities. 

In aerospace research and development one of the most striking effects 
of this stepping-up in the pace of technology is the compression which it 
has brought about in our previous concepts of time. The same compression 
can be found at work in the operations for which the systems are con- 
ceived, in the rapidity with which important technical advances occur, and 
in the rate of progress introduced into the development cycle itself. 

The most familiar aspect of time compression is the operational one. 
It is basic to all our military thinking today. As recently as 20 years ago, 
during the early stages of World War II, the Germans referred to their 
mobile warfare as Blitzkrieg or “lightning war.” By this they meant that 
fast-moving, motorized columns might penetrate, envelop, and obtain a 
decision in a few days or a few weeks, depending on the depth of territory 
to be secured and the forces defending it. In the present era a well-coordi- 
nated attack by ballistic missiles might obtain a decision in less than an hour 
-or in several hours if the outcome waited for follow-up strikes and counter- 
assaults by missiles and aircraft. Depth of territory is a factor of no conse- 
quence to the intercontinental missile. Since the distance traveled is governed 
by cutoff velocity and angle, time in flight is nearly the same, whether 
the missile covers 5000 miles or 9000 miles or more. 

Increasing the speed of an IcBM by any significant amount would simply 
accelerate it to orbital or escape velocity. So it may be said that with this 
weapon we have apparently arrived at the ultimate in speed of attack and 
decision. If the term has any meaning, this kind of combat should be known 
a “lightning war.” Without one having yet been fired in anger, the 1cBM 
tas already revolutionized our ideas of strategy and tactics. In fact, it has 
changed our outlook on the purpose and consequences of war. This fact is 
important to the outcome of any large-scale military operations that it 
must be borne in mind constantly in the design of future weapon systems. 

The contraction in time that is characteristic of missiles applies not 








AIR UNIVERSITY QUARTERLY REVIEW 


230 


only to operations but also to supporting functions—research and develop 
ment, training, logistics, maintenance, and communications. In all thes 
areas time has become a vital element. Just as a nation’s speed of reaction 
to attack has come to be the most essential quality in its actual defense, » 
the rapidity with which it takes advantage of technological advances ma 
determine whether it will be called upon to defend itself or not. 


technological war 


It may be said that warfare has acquired a new phase—technological war. 
In the past, research and development were only preparation for the final 
and decisive testing of new systems in battle. Today the kind and quality 
of systems which a nation develops can decide the battle in advance and 
make the final conflict a mere formality—or can bypass conflict altogether. 

There can be little doubt that we are now engaged in a technological 
war. The opponents in this war represent the two most highly developed 
plans for the organization of human society—one by total absorption into 
the state, the other by free association between groups and persons. The 
side that first achieves unquestioned superiority in technical capability as wel 
as numerical strength may well prevail over the other without any overt 
test in battle. 

For this reason the mastery of time in research and development is : 
factor of the utmost importance to our survival as a free nation. The achieve 
ment of a greatly extended aerospace capability is essential. To achieve it 
first is even more essential. 

Until the present quickening in the pace of technology, military re 
search and development was carried on at a rather leisurely rate. The rea 
sons were various. For one, future operational needs usually crystallized out 
of the experience of the most recent war and pointed toward the next one, 
which was generally assumed to be at least some years away. By contrast, the 
systems we are now developing have sprung largely out of possibilities revealed 
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by the expanding horizon of technology itself. It is no longer possible to method in’ 
foresee when another war might become imminent—events move too quickly, | ‘tem fell 
the international situation has become too fluid, and one of the mos | % greatest 
probable features of a future war would be its sudden onset in an attempt Thank 
to achieve surprise. mittee and 
In the past, too, it was considered necessary to conceive, build, test. | ment perio 
assemble, and deploy new weapons and components in a cautious, one-step } cut to half 
at-a-time progression that would minimize the risk—and the cost—of failure } parable con 
Mobilization of industrial resources—-on which modern warfare maitl} The co 
depends—used to be deferred to the last moment, so that the peacetim | managemen 
economy would be disturbed as little as possible. developmen 
The inadequacy of that time-honored approach was clearly recognité } had occurre 
when in 1954 a committee headed by the late Dr. John von Neumann advis | on an icpy 
the Air Force to proceed with intensive development of the intercontinental | aim the pol 
ballistic missile. The Von Neumann Committee recommended and the A! } ae now ne 
Force implemented three specific innovations in management policy, whict | programs. 
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were aimed at compressing normal lead time in weapon system development 
toa minimum: 


e Unprecedented authority was granted to the Western Development 
Division (later named the Air Force Ballistic Missile Division) of the Air Re- 
search and Development Command, in carrying out its assignment. As a semi- 
autonomous agency, AFBMD was given full responsibility for day-to-day super- 
vision of ballistic missile projects. The object was to bypass many of the 
inevitable delays that occur in an active development program when the 
decision-making machinery is entirely concentrated in a central, remote 
headquarters. In effect, on local problems in development AFBMD was per- 
mitted to exercise the independent judgment of a tactical commander in 
the field. 

e A novel management system was established in which private re- 
search laboratories and industrial firms participated jointly with the Air 
Force in the conduct of development projects. This team concept had 
several advantages, two of which were decisive at that time. First, it brought 
to bear on missile problems a pool of highly gifted technical talent, supple- 
menting the Air Force’s own capable scientists and engineers. Second, it 
gave civilian science and industry a direct stake in efficient management 
of the program—a stake reflected by the substantial investments they have 
made in missile research, test, and operational facilities. This partnership 
could be compared to the integration of technology and production with the 
armed forces in a wartime mobilization. It recognizes that these civilian 
activities now are more closely allied than ever before with peacetime 
planning for national security. 

e A radical technique of concurrent scheduling was adopted, re- 
placing the old step-by-step approach. Under this method of concurrency 
different phases of the development program, including design, production, 
testing, assembly of the various components, and preparation of operating 
facilities, were undertaken simultaneously rather than in sequence. If the 
method involved some risk in case the ultimate performance of the weapon 
system fell short of expectations, it paid handsome dividends in the currency 
of greatest value to us then and now—time. 


Thanks to these innovations recommended by the Von Neumann Com- 
mittee and particularly to the one for concurrent scheduling, the develop- 
ment period for our first operational ballistic missiles, Atlas and Thor, was 
cut to half that normally required for a modern weapon system of com- 
parable complexity. In fact, the goals set by AFBMD itself were exceeded. 

The compression of lead time, made possible by these new techniques of 
management, had as its immediate aim the closing of the gap in missile 
development between the United States and the Soviet Union—a gap which 
had occurred when the U.S.S.R. made impressive progress after starting 
an ICBM program some years earlier than the United States. In this 
aim the policy has been an unqualified success. These two ranking nations 
ue now nearly equal in the state of their ballistic missile development 


programs. 
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technological surprise 


Another interesting aspect of lead time has emerged from our strategic 
thinking in recent years. The ballistic missile is, above all, a weapon of 
surprise. Conversely, the most important defensive measure associated with 
it is protection from surprise. Any major improvement in the performane 
of the missile or its supporting elements may contribute to the total effec 
of surprise, while countermeasures against it are largely occupied with pre 
venting surprise. 

A parallel situation prevails in the technological war, a war which 
anticipates the circumstances of an overt conflict. Any important advance 
achieved by one side or the other is likely to have a strategic impact fa 
beyond the tactical advantage which it confers for the time being. Hence in 
modern war we find a new element raised to a level of highly organized 
effort for the first time: the element of technological surprise. It is the effec 
secured by putting into use, before the adversary does, a significant techni 
cal achievement that makes him temporarily more vulnerable. Surprise in 
technology, as in operations, is the result of time compression. 

In this respect aerospace development might be likened to the present 
day automobile industry, where the company which senses a new trend i 
design early enough to beat the others in putting an improved model on 
the market harvests a competitive advantage. In military research and devel 
opment, however, much more is at stake than in business competition. The 
reward for technological surprise may very well be survival. For that reason 
it is no longer permissible to follow the leisurely development practices of 
the past. Today time is of the essence. 

Since the beginning of World War II we have seen a revolution in 
technology, accompanied by an extraordinary quickening in the pace of 
research. The development of nuclear energy and rocket propulsion has 
touched off the revolution, but it is not confined to these fields. Break 
throughs occur in many related areas of science with much greater fre 
quency than in the past. In electronics, in structural materials, in fuel 
chemistry, and in medicine these discoveries have been particularly notable 
Large industries that scarcely existed ten years ago have grown up to ¢ 
ploit the breakthroughs. 

Consequently it is no longer possible for a military organization- 
dependent as it is today on technology—to lag behind the forward movemeni 
in science and engineering without inviting disaster. Before World Wa 
II a nation might create a large and seemingly adequate military force and 
keep it in being with minor refinements until it was called upon to meet a Wa! 
emergency. This policy is no longer a safe one. Development must be on é 
continuing basis and pursued intensively simply to hold our position with 
respect to the constant progress of a determined adversary. It has to be al 
the more active and alert if we wish to stay ahead of him. 

A two-year study of systems management requirements to meet today’ 
military situation, and the assignment of the space development mission " 
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the Air Force, resulted in the organization of a new command. Elements of 
the former ARDC and the Air Materiel Command were combined. The whole 
cycle of acquisition of a new system—from initial applied research to the final 
operational status—was placed under a single manager, the Air Force Systems 
Command (AFSC) . 

AFSC was organized to attain four objectives: 

(1) to provide rapid decisions and accelerated actions on all designated 
system programs; 

(2) to ensure efficient, responsive management of the space develop- 
ment responsibility assigned to the Air Force by the Department of Defense; 

(3) to provide for the close integration and participation of the Army 
Corps of Engineers in the ballistic missile site activation task; and 

(4) to provide for effective liaison and active participation by Army, 
Navy, and NASA on projects being developed for these agencies by the Air 
Force. 

Primary responsibility for attaining these objectives rests with AFSC’s 
four divisions. Two of the divisions, the Ballistic Systems Division (Bsp) and 
the Space Systems Division (ssp), are located at Inglewood, California. The 
Ballistic Systems Division is responsible for the intercontinental ballistic 
missile programs assigned to the Air Force. The Deputy Commander for Site 
Activation in the ssp will be responsible for facility design, construction, and 
staff supervision over the conduct of all site activities in the field. By agree- 
ment with the Department of the Army, the U.S. Army Corps of Engineers’ 
Ballistic Missile Construction Office and its subordinate elements are placed 
under the operational control of the Ballistic Systems Division commander. 

The Space Systems Division is responsible for military space programs 
assigned to the USAF and for certain development projects in support of 
Army, Navy, and Nasa. 

The ssp and ssp report to a Deputy Commander for Aerospace Systems 
(pcas) , colocated with them to ensure on-the-spot decisions and rapid manage- 
ment responsiveness to any problems that may arise. In addition, the pcas 
maintains liaison with the Army, Navy, and NAsA and with Air Force com- 
mands to provide effective coordination and planning for systems develop- 
ment. 

The Aeronautical Systems Division (asp), located at Wright-Patterson 
Air Force Base, Ohio, is responsible for advanced aeronautical systems and 
aerodynamic aspects of recoverable space systems. Examples are the B-70 
bomber prototype, the Skybolt air-launched ballistic missile, the new C-141 
jet transport, and the Dyna-Soar boost-glide re-entry vehicle. 

The Electronic Systems Division (Esp), at Laurence G. Hanscom Field, 
Massachusetts, is responsible for electronic and other systems for communi- 
tation, observation, and command and, in general, the functions of track- 
ing, surveillance, data reduction, and weapon control. The acquisition of 
the Ballistic Missile Early Warning System (BMEws) and of the Norap Air 
Defense Control System is included in the division’s responsibilities. 

This new reorganization places more project responsibility in the field. 
At the same time, it confers another benefit by removing the divisions from 
under the close and detailed technical supervision of aFsc Headquarters. 
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Staff personnel at arsc Headquarters thus are left with greater freedom from 
administrative duties, so they can concentrate on plans and policies fo 
the future. 

It may seem paradoxical, at first glance, that greater compression of time 
in military research and development calls for more long-range planning. 
Nevertheless this is the case. The basic reason is that R&D no longer serves 
merely as a supply function, furnishing weapons and support systems to meet 
specifications adopted by the operational forces. More and more, R&p is 
called upon to participate in strategic discussions, from which emerges the 
need for new weapons and new methods of using them. 

At no time in history have plans for the security of a nation in war 
depended so directly on the technical capabilities of weapons as they do 
today. The ballistic missile and the novel systems associated with it have 
not merely added vastly to the flexibility of the firepower that can be brought 
to bear on an enemy in conventional ways. Through their remarkable char. 
acteristics and the environment in which they operate, they dictate the actual 
nature and course of operations. From the inherent performance o* these 
weapons a new philosophy of war has in fact evolved. 

What are some of the considerations that have caused this new philoso 
phy? For one thing, the weapons are extremely complex. Also they have 
never yet been tried in combat. Apart from the very limited experience of 
the Germans with the V-2 at short range in World War II, there has been no 
occasion whatever to explore the potentialities of ballistic missiles in 
actual use under the conditions of present-day warfare. Our concepts of the 
proper way to employ them are necessarily theoretical, arising from ou 
knowledge of what they can do. 

Besides, in a technological war of the kind we are now waging the labora 
tory, the assembly line, and the test range comprise the combat theater. Re 
search and development has become almost an operational function, inseparable 
from the strategic performance of the systems which it produces. This func 
tional change reflects the total nature of modern war, in which all the 
elements of a nation’s capability to resist aggression—including its techno- 
logical and industrial resources—are units of the over-all operational force. 

That is why it has become a necessity for aFsc, at the command level, 
to concentrate largely on planning. Even with the most efficient manage 
ment of projects under active development, it now takes at least three 
years to bring a major weapon system of a new type to full operational 
readiness. A prime objective of the planning staff is to devise methods 0! 
reducing this lead time. Compressing time, by every means possible, is ai 
integral part of the rep function. One way to save time is by exercisiff 
keen vision, balanced by sound judgment, in the original concept and de 
sign of a system. The more clearly its use and effects can be foreseen by the 
agency charged with its creation, the more quickly it can be embodied it 
tangible hardware. This is the aim of Headquarters AFsc under the curtetl 
reorganization. 
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new weapons for deterrence 


The most urgent phase of our national aerospace development effort 
was concluded successfully in the late summer of 1959, when the first opera- 
tional units of Atlas were delivered to the Strategic Air Command. Together 
with our long-range jet bombers, Atlas gives us an intercontinental striking 
force as the foundation for a powerful aerospace deterrent. But our deterrent 
force cannot be a static one, regardless of its strength. Simply adding 
numerically to our missile inventory will not, by itself, bring security. The 
new field of space operations is marked, above all, by the dynamic nature of 
the forces that operate in it. We must be constantly on the alert for novel 
programs and original techniques that will take full advantage of this dy- 
namic character. 

At present our effort is concentrated on increasing the power of our 
weapons and on making them more secure against attack. Primarily this 
objective is being met in three ways. First, we are extending the capability 
of Atlas and adding to it another IcBM with somewhat more advanced 
features, the Titan. Second, we are bringing a new and highly versatile 1cBM 
to operational readiness in the second-generation missile Minuteman. Third, 
we are developing satellite systems that will add materially to the warning 
time available to our missile forces. 

As to the first of these goals, technical refinements in rocketry already 
have enabled us to extend the range, accuracy, and yield of Atlas well beyond 
the specifications originally established for it. In effect we are now building 
into our first-generation 1cBM much of the performance we had expected to 
achieve only in a second-generation system. These improvements also will 
increase the capability of Titan. 

The solid-propellant Minuteman will mark a significant advance in 
both the offensive strength and the security of our missile force. Because of 
its compactness and simplicity, Minuteman will be very much more economi- 
cal to build as well as to operate. Hence it will become feasible to maintain 
a considerably larger number of units in readiness for instant firing. This 
reversal of the trend toward higher costs in weapon systems, achieved for 
the first time with Minuteman, is itself an important product of development 
planning. 

From the defensive aspect Minuteman will inaugurate a similar re- 
versal of the recent trend toward larger and more cumbersome weapon 
systems requiring elaborate ground facilities to launch them. Hard, fixed 
sites for Minuteman will be notably smaller and less complex than those 
for Atlas and Titan. It will also be possible to disperse Minuteman about 
the countryside, mounted on railway cars traveling constantly over the 
Nation’s vast network of tracks. In this way the 1cBM will acquire some of 
the speed and elusiveness on the ground that it now has in the air and in 
space. 

Finally, the warning time available to our forces in case of an enemy 
attack will be considerably extended by satellite systems, which will provide 
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instantaneous information on the dispatch of a hostile force against us. The 
Midas warning system will flash the earliest possible notice that enemy missile 
are on their way, while the hostile salvo still is rising out of the atmosphere. 
Communication and command satellites will follow. They will round out the 
present phase of our aerospace program, which is largely one of consolidation, 
designed to strengthen and complete our deterrent posture. While our basic 
air and missile forces are becoming as nearly invulnerable as we can make 
them, more imaginative concepts are in the planning stage. 

AFsc already is looking well beyond the current buildup in ground. 
launched rocket systems toward the true space vehicles of tomorrow. These 
advanced systems—characterized increasingly by direct control by human 
flyers—may begin to make their appearance sooner than is generally realized. 
Missile forces of the types under development today, both in our own country 
and abroad, should be well established in the next few years. Already 
the tendency is to reach out farther into space for an operational advantage. 
Among the military systems that may be expected early in this space age, two 
stand out with particular distinctness, each being a logical outgrowth of an 
existing automatic system or experimental project: 


@ Manned satellites for tracking, surveillance, communication, 
guidance, and command. The superiority of manned vehicles over the merely 
instrumented vehicles in these areas arises from the unique human faculties 
of intelligent observation, interpretation, and judgment in making decisions. 
At this time it is difficult to conceive of electronic circuits that can be made 
to perform these functions with the same acuteness and reliability. 


@ Maneuverable spacecraft in satellite orbits, growing out of the 
experimental Dyna-Soar boost-glide vehicle now in development. 


In one way or another the element of time is vital to all the projects now 
envisioned for the new theater of space. It is particularly vital in the 
sense that space confronts us with an unfamiliar field of strategy and 
tactics, in which man has acquired a rapidly increasing capability and 
virtually no experience. It is impossible to foresee the full extent of the 
advantage that will accrue to the nation which first explores—and exploits- 
the military opportunities in space. They may very well turn out to be 
more.revolutionary than the effects of the ballistic missile. 


Headquarters Air Force Systems Command 
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Concurrency 


MAJOR GENERAL OsMOonD J. RITLAND 


A VANDENBERG Air Force Base in California, on the wind-swept plains 
surrounding Francis E. Warren AFB, Wyoming, and near Offutt AFB, 
Nebraska, Atlas intercontinental ballistic missiles are deployed in operational 
readiness. These are the first of a new breed of weapon, for a new kind of 
defense in a new and startling age. 

In bringing the ballistic missile weapon systems from concept to reality, 
we in the Air Force have been preoccupied primarily with the exacting 
demands of time and technology, and with the interaction of these two 
factors, in the molding of an effective and up-to-date national deterrent. 
The extent to which we have succeeded in compressing time and expanding 
technology is—essentially—a study in “concurrency.” 

For those accustomed to thinking of military development procedures 
in traditional terms, the idea of concurrency may not be new, but the em- 
ployment of concurrency concepts throughout a total development program 
might indeed seem to border on the radical. New weapons, even in our 
modern day and age, have been brought to fulfillment gradually, nurtured 
systematically step by step through the phases that mark a normal develop- 
ment cycle. The sequential growth pattern was as logical as it was customary. 
Military budgets in peacetime could be conservative. Risks in expenditures, 
either of funds or efforts, were minimized, since progress was measured in 
increments. The intervals between steps provided time for thoughtful evalu- 
ation and analysis of results. 

Such a system was methodically productive, but it was also voracious in 
terms of time. To achieve a savings in development time, Air Force re- 
search and development leaders in recent years began to look to a limited 
concurrency; that is, the extent to which production of any weapon system, 
such as a new aircraft, can be committed before the development and test 
phases of the program are completed. Weapon requirements are based on 
anticipated needs, and the most enlightened human foresight is not infal- 
lible; but with due regard for this inhibiting fact, the Air Force has progressed 
steadily in compression of the development cycle. The policy of “considered 
caution”—of postponing initiation of a tgtal development program until 
all the components and subsystems are “on the shelf’—is now passé. Simul- 
taneous progress in certain aspects of any weapon system program has been 
a growing characteristic of Air Force procedures in the years since World 
War II, but the maximum expression of this concept was not demonstrated 
until the birth of the ballistic missile program. 

Any military development program embodies individual stages that 
must be carried out before a workable produci can be attained. First, there 
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must be an appraisal of the need. This stage involves evaluation of require. 
ments and costs, the preliminary sketching of designs, and an understanding 
of the problems. Second, there is the research stage, with all the diverse in. 
vestigative activities that research requires. Third comes the building of a 
prototype. The fourth major step is flight test, a highly important phase 
and one demanding considerable time and care. Flight-test results usually 
dictate modifications and improvements necessary before the fifth phase, 
production. After production comes deployment with all its attendant prob. 
lems, including construction of facilities, building of ground support equip- 
ment, and training of personnel. 

The application of concurrency does not eliminate the performance of 
any of these functions but subjects them to a new time perspective. It calk 
for an overlapping of the development functions so that, for instance, 
flight test can proceed coincident with production, construction can get un 
der way while flight test is in progress, and training can be initiated con- 
currently with testing and production. 

To be completely successful, concurrency must be practiced “across the 
board.” Efforts to achieve accelerated development schedules by limited 
modifications in the time-honored development system, without overhauling 
the system itself, have not yielded substantial savings in time. The B-5 
was produced before sufficient ground-environment support equipment wa 
available in the quantities needed to make the new plane immediately us. 
ful. In the development of the B-47 the Air Force trained men and then 
saw their enlistments run out before the operational aircraft were delivered 
to the Strategic Air Command. The B-52 took about nine and a half years 
from blueprint to “blue yonder.” 

Yet the system was not bad. There were factors which made the circum: 
spect approach to weaponry appropriate. These were the factors of economy, 
technical capability, and need. We could usually depend on having ample 
time to bring our weapons through natural growing pains into naturd 
maturity. American industrial leadership and the protective factors of time 
and distance were guarantees permitting the United States freedom t 
progress at a self-determined pace. 


the origin of concurrency 


Two major advances occurring in the latter years of World War II no! 
only altered drastically long-accepted doctrines of military strategy bul 
tempered severely our national self-assurance. In so doing they pointed 
straight to the need for a better, swifter weapon-development process. Thos 
advances were the invention of the nuclear bomb and improvements 0 
rocket-propulsion technology. 

Harnessing the energy of the atom has meant that destructive forces of 
unparalleled power can be unleashed. The potentials of practical rocket 
propulsion systems have opened the way to tremendously fast delivery cap* 
bilities. When it became painfully apparent that the Soviet Union had & 
barked wholeheartedly on exploitation of these two capabilities, a heightened 
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responsibility for the security of the democratic world was laid squarely 
at America’s doorstep. 

In the early Fifties, when we recognized the threat inherent in Soviet 
ambition and Soviet ability, we took stock of our situation and responded to 
the double challenge with a comprehensive program dedicated specifically 
toward “beating the clock.” Time and distance, those once protective dimen- 
sions, had suddenly become threatening dimensions. To meet the revolutions 
in technology that were reshaping ideas of offense and defense, we were 
compelled to accelerate our own technological progress and to instigate a 
revolution in development and management as well. Our Air Force ballistic 
missiles today have been built in time to beat time. 

In the earlier days of this century American industry revolutionized 
fundamental work standards by introducing mass production. The result 
was more quality products, in faster time, at lower unit cost. At the mid- 
point in the twentieth century we began to realize that our overriding need 
was not faster production but faster introduction. It was obvious that time 
was no longer a luxury we could afford. Military superiority had to be 
demonstrated as a deterrent to war, not as the determining factor of war. 
And the rapid advancements in technologies set ever higher goals, while the 
complexities of the weapon systems posed challenging obstacles to our 
development timetables. 

There was only one answer, but that answer had multiple implications. 
Technical competence had to be attained and sustained. Furthermore this 
technical pre-eminence had to be complemented by an enlightened manage- 
ment competence, and efforts in both directions had to be tailored to an 
uncompromising sense of urgency. Comparatively speaking, it was almost as 
though we had been rambling along complacently in the horse-and-buggy 
era and had suddenly been faced with the necessity of developing a modern 
automotive transportation system. Under such a circumstance not only 
would we lack the vehicle itself. We would lack the production facilities 
to build it, the people skilled in the maintenance and operation of it, the 
highway system to accommodate it, and the garages, service stations, and 
distribution systems to support it. 

To our credit we did have, in 1953 and early 1954, two aviation com- 
panies under contract who had done some investigative work for the Air 
Force in ballistic missile design and propulsion. Again in terms of our 
analogy, it was something akin to the situation we might have faced if 
our total efforts in the direction of the automobile had been confined to 
the crudest internal-combustion engine and Henry Ford’s original design 
for a horseless carriage. 

If we failed to see the vital significance in trimming lead time (the 
time between conception of a new weapon and the operational deployment 
of that weapon), the Soviets did not, as is evidenced by a statement made 
tarly in 1958 by Anatoly Blagonravov, a prominent member of the U.S.S.R. 
Academy of Sciences: “It is easy to see that the time element is precisely 
the decisive factor which should be grasped in the competition with the capi- 
talist countries in the field of technology.” 
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Fortunately the Air Force did not have to depend on anyone in 
the Soviet Union to tell it this. Yankee ingenuity produced a Yankee solu. 
tion. American team spirit, which always rises to the occasion in times of 
crisis, proposed a bold approach to weapon system development. 


the concept of concurrency 


Bold as it is, the concept of concurrency really embraces little more than 
the principle of teamwork, applied with modern management techniques and 
possessed by an attitude of urgency. It means, as has been observed many 
times, everybody moving forward with everything, all at once. Under the 
concept each element of the total weapon system is integrated into a single 
plan, program, and budget, and all are implemented concurrently, in uni- 
son, consistent with lead-time requirements. Simply speaking, concurrenc 
implies progress in parallel fashion rather than in series fashion. 

But if concurrency is simple in concept, it is anything but simple in 
practice. Concurrency was not adopted by the Air Force as the easiest way 
to produce workable ballistic missiles in an abbreviated time period. It was 
adopted as the only way to reconcile national security requirements with 
the inexorable hands of the clock. As an idea the concept was not new, 
nor is it unique to the ballistic missile program. But never before had it 
been practiced militarily to such an extent or to such dramatic purpose. 

The 21 eminent members of the Strategic Missiles Evaluation Com- 
mittee, headed by the esteemed physicist, the late Dr. John von Neumann, 
recognized that while the United States could not make time, or buy time, it 
could save time. The challenge was put in the hands of a brigadier general 
named Bernard A. Schriever, an Air Force officer who had demonstrated 
imagination and ability in development work. An executive management 
agency—known as the Western Development Division of the Air Research and 
Development Command—was set up in Inglewood, California, in 1954, to 
direct the 1cBM development project. That responsibility grew into the largest 
development program in military history. 

In early 1954 matters stood like this: Results of nuclear tests in 1952 
and 1953 indicated that a lightweight, high-yield nuclear warhead suitable 
for use in an intercontinental ballistic missile could be produced, but the 
actual warhead did not yet exist except in theory. We took the risk that the 
calculations were correct and that by concerted effort the predicted advance 
in nuclear physics and warhead design could be achieved on schedule. De 
velopment of a suitable warhead was not the only contingency on which the 
technical feasibility of our Atlas intercontinental ballistic missile depended 
There were other uncertainties, the most notable undoubtedly proceeding 
from the technical problems to be solved for the development of a practic 
re-entry vehicle. We felt sure we could overcome these problems, but we had 
to prove conviction by accomplishment. 

To bring ballistic missiles into the inventory within the critical tim 
period designated, we adopted the weapon system approach. A weapon syst! 
is much more than weapon hardware alone. A complete system includes thé 
industrial base for production of the weapon, the facilities for its operation 
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and maintenance, the command and communications system for its opera- 
tional control, the supply and transportation system for its support, the train- 
ing facilities and the instructors, and finally the people organized and trained 
to operate and maintain it. 

For the Atlas IcBM, none of these weapon system elements existed in 
1954. The challenge was lead time—a variable factor exceeding eighteen 
months for certain of these elements. It was quite obvious that total lead time 
would be vastly increased by a sequential, series approach, in which the 
lead times for each major program element accumulate as the successive 
steps are taken. By means of the concurrency method in the 1cBM programs, 
we have put training and operational bases under construction prior to the 
launch of the first test missile! In 1954, based on technically feasible facts 
of the time but not necessarily on facts actually demonstrated, the Strategic 
Missiles Evaluation Committee believed that an iIcBM could be built to 
operational status in six to eight years; that such a weapon could have a 
circular error of probability, or accuracy radius, of about five miles; and 
that it could deliver a nuclear payload of a specified yield to a target 5500 
nautical miles away. Now, in 1961, even such optimistic predictions have 
actually been proved. The Atlas became operational in just five years. Its 
accuracy has been modestly placed at two miles cep. It can carry a payload 
of greater yield than anticipated. And 1cBM ranges that are well in excess 
of the 5500 miles projected have been demonstrated to be clearly practical. 

To tackle the myriad demands imposed by the original estimate, the 
Von Neumann Committee made certain recommendations, which the U.S. 
Air Force adopted: (1) to take maximum advantage of the scientific and 
technical state of the missile art and advance that art as quickly and ex- 
tensively as possible, (2) to proceed with all aspects of the program con- 
currently, and (3) to streamline administrative and control procedures. 
Implicit in these recommendations was the understanding that a program 
of such magnitude must enjoy adequate funding and straight-line authority, 
along with the highest national priorities. 

What we think of today as our functioning concept of concurrency 
properly reflects each of these recommendations, for without any one of 
them concurrency would fail. Concurrent action across all fronts demands 
concurrent action on every front. In other words, the ballistic missile pro- 
gram could never mc.e along expeditiously as a whole unless each of the 
parts of the program moved in concert. Any deviation from the master 
schedule, anywhere along the line, has an immediate and adverse effect on 
the total program. 


concurrency in operation 


All of us, and particularly those of us who are career officers, know 
that at times decisions which seem forced by circumstance turn out in the 
long run to be extremely fortuitous. This fortune appears to be the case 
with the usaF ballistic missiles and the concept of concurrency, and the new, 
fresh approach to weapon system development now seems destined to be- 
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If cutting lead time can indeed prolong the effective lifetime of our} system 
weapons, then the ways in which we can achieve this happy economic| resear 
result bear even closer attention. And while science, technology, and manage. | system 
ment all play a part in shortening the time required to deliver new products | area € 
and weapon systems, the truth, albeit little recognized, is that management- | lesser 
the effectiveness of management—is by far the most decisive element con-| system 
tributing to the goal. Actually concurrency in weapon system development | weapo 
could never work without the strong, firm hand of centralized management. {| assum: 
It is a recognizable fact of business that two companies making similar | Comm 


= come the rule, rather than the exception, for future military weapons. There | ' 
i] is good reason for this, three 
The objective of concurrency is to shorten -lead time. Through the ployn 

policies of concurrency we actually cut the development time for an roy f deter 

7 in half—down to five years from the normally expected ten or eleven years go 
for a system of such complexity. It follows, therefore, that as the lead time olan 
is reduced, the operational life of the system is extended. This is an important nn 

factor in these days when our fast flight into technology is raising the L 

standards of our weapon systems but lowering their life expectancy. consid 





products of comparable quality can reflect considerable differences in profit. | W 
One firm may be operating successfully, the other competing hopelessly in ; missile 
the red. The difference, nine times out of ten, is in the management. early i 


In the Air Force we could not afford to be deficient in management | weapo 
ability, for the big Red peril facing us was not one of ink. And time was | sumed 
more critical than money. The Soviets had begun rocket propulsion develop: It 
ment earlier than the United States, and, as the Gaither Report has since | actual 
confirmed, they had effected a firmly disciplined system that beat our normal | Aad re 
development lead time by about 50 per cent, guidan 

Accordingly we set out to da by democratic, free-enterprise methods what } terms ¢ 

the Soviets were doing in totalitarian style, For the first time since the | proced 
| American industrial revolution moved forward under a full head of steam, } search 
we had been pre-empted in a new technology by another nation, Like the | await | 
tortoise, we have been compelled to come from behind. Unlike the tortoise, | Pansior 
we have not had to be content with a plodding pace. propul 

The achievements of the past six years show that the United States has} tions f 
come from behind. Development lead time has been slashed. Our succes } ‘or cor 
stems from the dynamic marshaling of this country’s unparalleled resources, | Unsolve 





sparked by the sustained drive of effective management concepts. of thes 
and or 
concurrency as practiced . Th 
gines w 


By its very name, concurrency requires simultaneous action across differ | sang + 
ent areas and at varying levels. It demands a vast and continuous interplay | time co 
of objectives and achievements, all geared to time schedules permitting little ] be com 
tolerance for marginal accomplishments. Shortcomings at any point threatel J of perf 
the success of the total program. To prevent—or at least to detect in time- } of each 
shortcomings of this import is the prime and commanding responsibility 0! Alc 
our management system. 
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In the progress of our programs, concurrency has been practiced at 
three major levels: in development, in production, and in operational de- 
ployment. The friction-free movement of efforts in these three directions 
determines the rate of acceleration at which our total program can proceed. 
It goes almost without noting that progress within the framework of each 
of these areas must keep the pace or else jeopardize the success of our 
concept. 

Development. By way of illustration the development phase may be 
considered. Before the concept of concurrency was applied to the Atlas weapon 
system, the sphere of interest of the former arpc was confined primarily to the 
research and development problems associated with any fledgling weapon 
system. Not so under the concurrency approach. Development becomes a broad 
area encompassing a host of responsibilities. It overlaps production and, to a 
lesser extent, operational deployment. For when a ballistic missile weapon 
system has been fully and properly developed, it is already in production. The 
weapon has been delivered to the user and put into place. The responsibilities 
assumed by ARDC and now exercised by the newly organized Air Force Systems 
Command end only when the total programed deployment is in sight. 

We have demonstrated this with the Thor intermediate-range ballistic 
missile. Airlift of the 60th operational missile to the United Kingdom 
early in 1960 formally completed AFBMp’s management obligation in the Thor 
weapon system program. Support of the logistics requirements was then as- 
sumed by the San Bernardino Air Materiel Area. 

It must be remembered that none of these elements of the system 
actually existed in 1954. There was no usable warhead. No nose cone 
nad re-entered at mach 24 or even one third that speed. There existed no 


, guidance system. There existed no suitable, fully developed power plant. In 
) terms of the development pattern that is most familiar to traditional military 


procedures, we faced in the ballistic missile program the challenge of re- 
search and development in four major subsystems, none of which could 
await the breakthroughs that come with the passage of time and the ex- 
pansion of technology. We could not wait. We had to evolve airframes, 
propulsion systems, guidance systems, and re-entry vehicles. The specifica- 
tions for these subsystems were spelled out, and no allowances were made 
for compromise with the rigid demands of the end product. There were 
unsolved problems and technical question marks—and lots of them—in each 
of these areas. That the problems would be solved, the questions answered, 
and on scheduled time, was the calculated risk. 

This is why Atlas airframes were being tested while the rocket en- 
gines were being assembled; why nose cones were being fabricated to with- 
stand the tremendous 12,000-degree temperatures of re-entry at the same 
time complex guidance packages were being put together. The systems had to 
be compatible. It was difficult enough to bring them to the required levels 
of performance separately. It was more difficult to ensure peak operation 
of each once they were integrated. 

Along with calculated risk we had to accept calculated confidence. 
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Ceordination and cooperation, time-honored military attributes, were never 
more important. An airframe light enough to be propelled to the necessary 
velocities also had to be strong enough to withstand the stresses imposed by 
rocket engines of tremendous thrust. Engines demanding huge gulps of fuel 
had to have turbopumps capable of supplying that fuel. A re-entry vehicle 
designed to deliver a nuclear payload on target had to depend on an in- 
telligent guidance system that would direct it to that target. The entire 
weapon demanded precisely computed launching techniques with almost 
infinitesimal tolerances. 

But the complexities of development are not ended merely with the 
solving of isolated problems. The whole business of testing must be 
woven through the development cycle. Since a ballistic missile is used only 
once, it must have maximum reliability. A decade or so ago, when concepts 
of intercontinental ballistic missiles were in their infancy, there were those 
who took the opposite view. After all, they reasoned, a missile is launched 
and it is gone, never to return for re-use. Why not, then, build it ‘quick and 
dirty”? 

The fallacy in this reasoning became readily apparent. Because there 
is no second opportunity to correct any mistakes that might be made on a 
first launch try, the missile has to perform perfectly during its first and 
only flight. This requirement was underlined by the growing awareness of 
the decisive part that ballistic missiles might be called upon to play in any 
future conflict. A low reliability rate could spell tragedy for the nation 
that put its survival on the line with these electronic warriors. 

There is only one way to achieve reasonable reliability, and that is 
through exhaustive testing. In our ballistic missile development programs, 
testing is a pyramiding process. It is a continuing and pervading factor of 
our philosophy of concurrency. The suppliers of the smallest parts—and 
there are hundreds of thousands of parts in any ballistic missile weapon 
system—test each and every part intensively. These parts are then furnished 
to subcontractors, who combine them into components or subsystems. These 
in turn are vigorously tested. Subsystems are integrated into systems, and 
the systems are checked out under simulated environmental testing condi- 
tions. Next, the entire missile is static-tested. Ultimately the “bird’’ itself 
proves the compatibility of all its elements by the highest measuring device 
of all, flight test. 

Of course, ballistic missiles that must be held battle-ready cannot be 
flight-tested. But by conducting an extensive flight-test program with 4 
given number of operational-type missiles we can determine a sound index 
to the reliability of the missile. This is one of the objectives of our develop: 
ment program. 


Production. Concurrency in the development of ballistic missile com 
ponents makes concurrency in production possible. In all our ballistic 
missile programs the fashioning of prototypes is ignored in favor of assembly: 
line production from the outset. The calculated risk involved in this approach 
is more than compensated for by the savings in time. 

In the production of ballistic missiles, careful attention to individual 
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detail is of paramount importance. The mating of components and subsys- 
tems must be precise; tolerances to thousandths of an inch must be observed. 
Missile assembly is painstaking work, requiring the art of craftsmen. The 
exacting nature of a missile’s function will not permit flaws that might be 
acceptable and even unnoticeable in other mechanical products. 

The emphasis to date has been on quality rather than quantity. But 
the lessons learned, together with greater simplicity of product, make me 
confident that we shall achieve high levels of both quality and quantity in 
future I1cBM production. The technical wisdom and practical experience 
gained in the production of liquid-fueled ballistic missiles have proven to be 
a tremendous value in our rapid progress toward serial production of solid- 
propellant IcBM’s. 

Production, however, involves more than the missile itself. Since only 
about 20 per cent of a complete ballistic missile weapon system ever leaves 
the ground, it is easy to see that there is much more, in the way of 
hardware, ground support equipment, and supporting facilities, that must be 
built by the hand of man. If the missile is going to be ready by a pre- 
determined date, all the complementary equipment must also be ready by 
that date. 

Concurrency in production means concurrency in all phases of pro- 
duction of all the elements that go to make up a ballistic missile weapon 
system. The missile is the expendable item. It must perform properly from 
the launching pad. But getting it airborne and ensuring its required velocity, 
trajectory, and accuracy involve many jobs, many talents, and many skills. 
Before a missile can be flight-tested, it must have a take-off point. For liquid- 
fueled missiles, this means construction of the launching pad, the flame 
bucket, the gantry, the erector, the water cooling system, the lox and fuel 
tanks, piping, electrical wiring, and the blockhouse and control centers. 
Furthermore ground support equipment including hundreds of items of 
electronic control mechanisms, mile after mile of wiring, and_ sensitive 
monitoring devices must be produced according to blueprint designs. With 
the solid-propellant 1cBM, these requirements are reduced, thereby simplifying 
the total system and decreasing the amount of ground support equipment 
needed. 

To make flight-testing pay off in terms of information, a missile must 
be instrumented to reflect the kind of data desired. This requires sensing 
¢quipment and extensive electronic connections which, through impulses 
conveyed to magnetic tape, will permit ultimate reduction of the signals 
transmitted from the missile. 


Operational Deployment. Production of all required equipment and 
facilities while the missile itself is being fabricated makes possible the orderly 
progress of the missile operational deployment program, the third major 
area in which concurrency must be practiced. If the concept of concurrency 
is going to yield the full measure of savings desired in the compression of 
time, then progress in the design and construction of the operational environ- 
ment must proceed simultaneously with development, testing, and production. 

Any new weapon in the military arsenal requires corresponding new 
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concepts and techniques for effective deployment. Never has this been true 
to the extent dictated by ballistic missiles. These are weapons not adaptable 
to runways or to hangars—or to any other facility already in existence for Air 
Force use. To make missiles useful immediately upon emergence from the 
development program, we had to begin at once to fashion the operational 
environment appropriate to their nature and their purpose. 

Parallel planning of both development and deployment specifications 
and schedules has not been too difficult. Translating these ideas from design 
to hardware to installation, however, has proved to be a challenge to in. 
genuity and flexibility. In a way it is somewhat like building a house. The 
person who is designing it must have a keen ability to think dimensionally. 
Regardless of how carefully he draws his plans, though, it is almost inevitable 
that an unforeseen circumstance will crop up as the house takes shape in 
brick and mortar. Further, human nature being what it is, the builder may 
change his mind about the location of a room or a closet when experience 
or closer study suggests to him a more efficient arrangement. Since there is a 
comparatively long lead time in the construction of a house, as against the 
time spent in laying out the plans, it stands to reason that the more certain 
at the outset the builder is of the floor plan he desires the faster his home 
will come to fulfillment. 

In building a ballistic missile base, design plans are not changed as 
a result of whim or fancy. But certain portions of the original design ideas 
may indeed be changed if the input from research and development and 
test indicates to the builder that greater economy or efficiency can be achieved 
by doing something a better way. 

At any rate, we must be realistic. We have learned that laying out 
specific plans for an entire ballistic missile launching facility—while the 
weapon itself is still in development—is a most challenging task. We have 
been prepared to inject a reasonable number of modifications into the plans, 
and indeed changes have been incorporated, even at what has seemed to be 
the last minute. We think in all fairness, however, that our original concepts 
must be judged as basically sound, for we have been able to continue our 
design and construction of missile bases concurrently. Thor, now a com- 
pleted weapon system, is a good example of the advantages of concurrency. 
Never before has a major weapon system matched so well the original con- 
figurations laid down before its full-blown development began. And Thor 
actually reached operational status a full year ahead of the most optimistic 
schedules. Moreover the total program was never ‘“‘out of phase” more than 
a few weeks at any time. 


Eaaruier I noted that concurrency is not an easy concept to pur: 
sue. To make concurrency work requires the strictest attention to the pre- 
rogatives of sound management. Every step along the way must be monitored 
and controlled. Like an automobile assembly line, each item for assembly 
and every operation connected with that item must come together at the 
right place at the right time. Only an unrelenting adherence to milestone 
schedules can produce this result. 


] 
serva 
Comr 
to di 
| Force 

Divisi 
Force 
rency 

7 
concu 
comm 
Comn 
enced 
develc 
major 
resent 
uniqué 
the de 

As 
from f 
does wv 
engine 
tories, 
time ti 
believe 

Ti 
to keer 
pose be 
| stemme 

concept 
ment p 
decisior 
the org: 

Re 
and in 
1961 we 
space p) 
Force § 
develop 
opment 
ities tra 
major o 
| Divisior 

The 
| Systems, 
| location 

















/ ment pr 








‘nN true 
iptable 
for Air 
ym. the 
ational 


cations 
design 
to in- 
e. The 
onally. 
vitable 
ape in 
er may 
erience 
re is a 
nst the 
certain 
; home 


ged as 
1 ideas 
nt and 
chieved 


ng out 
ile the 
e have 
plans, 
1 to be 
yncepts 
ue our 
a com- 
rrency. 
al con- 
| Thor 
imistic 
e than 


to pur: 
1e pre 
nitored 
sembly 
at the 
leston¢ 





— 











{ 


| 


CONCURRENCY 249 


It was to ensure this sort of precision and this kind of strict ob- 
servance of a commanding timetable that the Strategic Missiles Evaluation 
Committee recommended the establishment of a central management agency 
to direct all phases of the comprehensive ballistic missile program. The Air 
Force Ballistic Missile Division, which grew out of the Western Development 
Division, in 1957 joined together in one headquarters the authoritative Air 
Force commands that had the experience and the capability to make concur- 
rency work. 

The AFBMD team approach to the team idea implied by the demands of 
concurrency depended on the close interaction of three major Air Force 
commands—the Air Research and Development Command, the Air Materiel 
Command, and the Strategic Air Command. These commands were experi- 
enced in the three divisions of weapon system evolution I have described: 
development, production, and operational deployment. The fusing of three 
major command elements into one Air Force management organization rep- 
resented a unique departure from traditional development procedures. But 
unique results have emerged: complex new weapon systems in a fraction of 
the development time normally required. 

As AFBMD Commander from early 1958 through March 1961, I learned 
from firsthand day-to-day experience that this modern approach to weaponry 
does work. With my associates from ARDC, AMC, and sac and their systems- 
engineering and technical-direction partners, the Space Technology Labora- 
tories, Inc., and the Aerospace Corporation, I saw procedures streamlined, 
time trimmed, and tangible results achieved in a manner I would not have 
believed possible a few years earlier. 

This innovation in the development of military systems has been geared 
to keep pace with the accelerated advanees of modern technology. The pur- 
pose behind establishment of the Air Force Systems Command in April 1961 
stemmed from a logical progression of the philosophies fundamental to the 
concept of concurrency. The paramount importance of streamlined manage- 
ment procedures, compressed development time schedules, and expeditious 
decision-making represent basic requirements reaffirmed and emphasized in 
the organization of the Systems Command. 

Responsibilities assigned to the old AFBMp had multiplied both in scope 
and in number during the years between 1957 and 1961. At the beginning of 
1961 we were, for example, managing some 19 major Air Force missile and 
space programs, many of them holding top priorities. The creation of the Air 
Force Systems Command—combining in one headquarters the research and 
development obligations formerly carried out by the Air Research and Devel- 
opment Command; and the related procurement and production responsibil- 
ities traditionally conducted by the old Air Materiel Command—also imposed 


| major organization changes on what had been the Air Force Ballistic Missile 


Division. 

The establishment of the Office of the Deputy Commander for Aerospace 
Systems, Air Force Systems Command, provides to the Los Angeles—Inglewood 
location a centralized authority for expediting the missile and space develop- 
ment programs and for hastening the decision-making processes. Functional 
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responsibility for specific missile and space programs has been assigned to two 
divisions, the Ballistic Systems Division and the Space Systems Division. These 
divisions exercise comprehensive management responsibility for all phases of 
the development-to-deployment cycle—including research, development, test, 
procurement, production, construction, and installation. These divisions act 
also as the focal points of the total management team, the team which takes in 
many associate contractors as well. The Ballistic Systems Division, of course, 
devotes all its resources to the evolution of our intercontinental ballistic mis- 
sile systems—the Atlas, Titan, and Minuteman. The Space Systems Division 
oversees the progress of virtually all the Air Force’s flowering space programs. 

Under the previous AFBMD organizational structure, the Air Research and 
Development Command acted as the developer, the Air Materiel Command 
as the buyer and producer, and the Strategic Air Command as the user of 
ballistic missile systems. It was in essence a triple-threat team for a triple-threat 
challenge. But aerospace challenges, extending far deeper than ICBM trajec- 
tories, have demanded further streamlining of this team attitude and clearer 
lines of authority in the prosecution of aerospace systems. Hence the Air Force 
Systems Command and its principal aerospace divisions, the Ballistic Systems 
and Space Systems Divisions. 

The results of our concurrent approach to aerospa¢é requirements are 
becoming increasingly apparent. I have mentioned the Thor 1RBM as a product 
of concurrency. Thor was developed, produced, and deployed inside of four 
years. Atlas, the first U.S. 1cBM, also is operational now at three U.S. bases and 
in the months just ahead is to grow to full deployment stature in 13 squadrons 
—a deterrent force that might still be a prototype rather than a reality but for 
the stimulation of concurrency. 

On the immediate horizon are Titan and Minuteman, two more ballistic 
weapon systems born and bred in concurrency. Construction of the under- 
ground concrete and steel silos for the Titan missile began even before the 
first missile had been flight-tested. And the first operational squadron is near 
completion at Lowry Air Force Base, Colorado. The Titan is due to be de- 
clared operational in 1961, in the light of rapid progress achieved in the 
development and advanced testing of this missile and in the construction of 
operational sites. Construction of the silos to house the first three Minuteman 
squadrons is under way near Great Falls, Montana, and the Minuteman is 
undergoing flight test at Cape Canaveral. An operational date of mid-1962 has 
been set for Minuteman. 

Any one of these four major weapon systems constitutes a graphic illus- 
tration of the influences of concurrency. Certainly the vital ingredients in 
our Air Force prescription for modern deterrence and counterforce power 
must include a greatly expanded technology, diligently applied talents, and 
unflagging perseverance. But subjecting all these characteristics to the in- 
trinsic advantages of the concurrency concept has resulted in the fulfillment 
of our most urgent requirement of all—the productive compression of time. 


Space Systems Division, AFSC 
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Manned Craft and the 
Ballistic Missile 


MAJOR GENERAL JAMES FERGUSON 


B ECAUSE Air Force research and development has been so intensely con- 
cerned with ballistic missiles in recent years, it is sometimes assumed that 
this proves a heart-and-soul commitment to the concept of “push-button war- 
fare,” conducted entirely with automatic weapon systems carrying nuclear 
warheads over great distances. 

Nothing could be further from the facts. On the contrary, manned craft 
are needed in any force to complement the automatic weapons and perform 
certain jobs which missiles cannot do; various international situations may 
occur, short of total war, in which the use of manned aircraft is essential; and 
future operations in space will most probably be carried out largely in 
vehicles under the control of human flyers. 

Ballistic missiles have provided us with two major advances in the 
science of flight: first, a weapon of tremendous power, which can be directed 
to its target either from the ground or from the air; and, second, a new 
method of propulsion that works best in the near-vacuum beyond the earth’s 
atmosphere. That these technological achievements spell the end of the 
flight crew’s usefulness is as unlikely as that the automobile will supersede 
the driver. 


force composition: interim planning 


In the past decade we have concentrated on the vehicle, rather than on 
the flyer who will ultimately guide it, because its performance is so radical— 
especially in speed—that we have not yet determined the best means of 
adapting it to flight by human beings. Besides, the ballistic missile is a 
weapon of such enormous potency that we have been compelled to find the 
quickest and simplest way of using it. Otherwise we might have been left at 
the mercy of a rival armed with this new messenger of destruction. 

The ballistic missile of today is a marvelously sophisticated mechanism. 
Its electronic guidance systems are amazifgly accurate. For all its wondrous 
complexity, however, the missile lacks selectivity, judgment, and perception— 
qualities that are innate in an intelligent human operator. The object of 
war is not indiscriminate destruction but immobilization of those elements 
in the adversary’s strength that enable him to resist and eventually perhaps 
to win. Wholesale destruction not only is indefensible and a waste of one’s 
own resources but liquidates facilities that might be of use later on and 
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alienates large population groups which might otherwise be friendly. 

The ballistic missile cannot choose its target, or, once launched, change 
its plan of attack if the tactical situation should change, or observe the 
enemy's defensive position, or report on the results of a strike. It cannot 
be recalled if circumstances develop that make it desirable to cancel the 
operation. The missile does not return to a friendly base, to be refueled and 
fly again. 

Some of these functions can be performed eventually by satellites. Even 
then, they will be most effective under human guidance and control. The 
great advances made by electronics in recent decades do not alter the fact 
that sensing devices are merely substitutes for and extensions of the human 
nervous system. They do not replace the brain of the operator, especially at 
the spot where the decision takes effect. 

Just as tactical aircraft provided advantages in range and selection over 
the capabilities of artillery between World Wars I and II, so the piloted 
satellite or spacecraft can be expected in the future to provide similar 
advantages over the automatic missile. When the change will occur is mainly 
a question of the time it will take to develop suitable vehicles. Meanwhile 
ballistic missiles are being brought as close as possible to perfection, not 
as a permanent and complete substitute for the trained flyer but as a comple- 
mentary weapon system until more advanced vehicles become available. 

When development of the supersonic B-70 jet bomber was cut back in 
December 1959 to an experimental prototype instead of the fully equipped 
operational version, many people in the Air Force, as well as in the 
aerospace manufacturing industries, assumed that this action heralded the 
gradual obsolescence of strategic aircraft in the years to come. Even though 
the B-70 is under development, the idea persists in some circles that this 
may be the last strategic airplane—that by the time the B-70 could be ready 
to fly, automatic weapon systems may have made the manned bomber as 
anachronistic as the chariot or the trireme galley. 

I do not believe that this pessimistic view is justified or that it is held 
by even the most enthusiastic proponents of a strong missile force. Modern 
weapons of all types are highly expensive. Our intensive development of 
ballistic missiles over the past six years has placed us in a position where 
we can produce a powerful force of these weapons in the immediate future- 
including especially the economical Minuteman. Our most urgent need 
is for a superior inventory of 1cBM’s, to make our deterrent strength as 
nearly overwhelming and invulnerable as it can be. In concentrating our 
resources on this task, we must necessarily make some reduction of other 
programs. 

The B-70, though it may promise a tremendous advance in our over-all 
strategic capability, is not as close to realization as the missile force. The 
B-52, equipped with Hound Dog air-breathing missiles and to be equipped 
later with the Skybolt air-launched ballistic missile, will complement our 
IcBM counterstrike force for the next few years, giving it the flexibility that it 
would not otherwise have as our sole reliance in a war emergency. 
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The “mixed force’ concept today offers the greatest counterforce po- 
tential. Once our missiles have been launched in the initial counterstrike, 
aircraft will be used to search out, locate, and destroy whatever mili- 
tary targets remain, whether they be mobile or static. Furthermore these 
same aircraft are recoverable and can be employed in successive counter- 
strikes. 

Without question, the ballistic missile is an effective argument against 
aggression. Missiles will play a prominent part in the first massive counter- 
strikes. Aircraft participating in the initial strikes will also be needed for 
mopping-up operations and especially to pinpoint small or elusive targets. 
for example, if we should be faced by an enemy possessing light, mobile 
icBM’s like our Minuteman, it would take aircraft to hunt down the rail- 
borne launching pads and destroy them. 

We cannot be sure, either, that the next war in which we are involved— 
if any—will be a large-scale global conflict. To say the least, it would be 
tragic indeed if we were prepared to counter only one kind of military 
action—a concentrated assault on our homeland by ballistic missiles—and 
hostilities actually started elsewhere in some other form. 


the balanced force and security 


On the statute books in one of our Midwestern states there used to be 
alaw intended to keep railroad trains from colliding at points where the 
tracks crossed. The law provided that “when two trains meet at a crossing, 
both shall come to a halt, and neither shall proceed until the other has 
passed.” 

Some would argue that there is a resemblance to that piece of legisla- 
tion in the situation existing today between the United States and the 


| Soviet Union. If this truly were the case, it could be said that a stalemate 


exists. But stalemates derive their stability from the willingness of the oppos- 
ing forces to maintain a standstill. Few would agree that the dynamic forces 
at work in the world today have any of the static qualities of a stalemate. 

Arms limitation or contro] is obviously a desirable goal. On the other 
hand the question is still left open: Would, for example, a nuclear arms 
limitation banish war from the earth? There are other ways of conducting 
hostilities than with nuclear weapons. There are other kinds of war than 
general war. 

Several times within the past quarter of a century we have seen examples 


| of what might be termed local, or “limited,” wars. Wars of this kind 
| could occur again without necessarily bringing on direct hostilities between 


the major powers represented. 
Lesser degrees of aggression have been known in the past. They range 
fom repeated border incidents—for example, the series along the Man- 


, turian frontier in the 1930’s involving Japan and the Soviet Union—to 


armed intervention in the affairs of a neighbor, such as that of the U.S.S.R. 
in Hungary a few years ago. They range from revolutionary outbreaks, 
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fomented inside the boundaries of other states, to minor harassments such 
as the shooting down of unarmed aircraft, from furtive kidnapings and 
assassinations to overt displays of military strength as in the Berlin Blockade. 

At all these techniques of using force without proclaiming war the 
Communists are adept. There is no reason to think that they would abandon 
these tactics and live in amiable fellowship with the rest of the world simply 
because they preferred not to risk general war. We must be prepared for 
military situations of different types, at widely separated points around 
the globe, in the years ahead. 

In localized actions ballistic missiles would be of little use. Nuclear 
weapons of any kind—if employed—would be limited to the smaller, tactical 
varieties. Aircraft, however, would be of great value not only to our own 
forces but also in the hands of our allies. In my opinion it is vital that 
we maintain a modern inventory of conventional air weapon systems, large 
enough and sufficiently varied to cope with any contingency that may arise. 

We should remember that many of our smaller allies do not have the 
manpower and resources to operate complex weapons like the Nike-Hercules 
defense system or sophisticated all-weather interceptors. Their need is for 
up-to-date weapons of a simpler type, for tactical support of a kind that 
some of our advanced systems are not designed to fulfill. Yet these smaller 
nations—often strategically located at points difficult for us to defend- 
could contribute in a large measure to the security of the Free World asi 
whole, as well as their own defense, if properly equipped for dealing with 
peripheral actions. 

Most of these countries do not build their own weapon systems but 
instead rely on our industrial resources to supply them. This is one of the 
responsibilities that we assume as a major arsenal of freedom on our globe. 

The extreme cost and complexity of modern weapons compel us to 
concentrate on a select few of the most essential systems for ourselves. Our 
purchases of aircraft at the present time, for example, are reduced to 
hundreds rather than the thousands we used to buy, and they are much 
restricted in the variety of types. 

On the other hand we can bolster our over-all posture mightily in the 
eyes of a potential aggressor by fostering the growth of complementary 
forces in other parts of the world—forces capable of resisting isolated prob- 
ing actions and military encounters having a low order of violence. This 
we can do by encouraging our allies to equip themselves with weapons 
responsive to their most probable needs. In effect we would achieve a com: 
bined force, capable of meeting any aggressive action, through our allies’ con- 
tributing a substantial share of the conventional forces while we contributt 
the main weight of the nuclear strike forces. 

When we disperse a large part of our total deterrence around the 
world in this way, we compel the opponent to vary and disperse his 
effort too. Considered from this broad view, our detense is not confined to 
the North American continent where we live. It begins far from our shores, 
wherever free people still exist outside the bonds of Communism. 
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space weapon systems: emerging trends 


We are now in a period of transition—brought about by the tremendous 
progress in technology over the past two decades—from a conventional con- 
cept of security, based on the interplay of national forces and rivalries, 
toa concept of security maintained by systems operating in the space around 
our planet. Some years will elapse before the full effect of the change becomes 
apparent. Until it does, we may expect to see some of the traditional roles 
of manned aircraft being assumed by unmanned ballistic missiles and 
instrumented satellites. 

As the space age matures, I believe that the trend from manned to un- 
manned vehicles will be reversed. The reason is quite simple. Automatic 
mechanisms of any kind, following the patterns built into them in ad- 
vance, have a certain rigidity of behavior that by its very nature is slow to 
recognize and respond to the rapidly shifting circumstances in a military 
situation. The environment of war, including preparations to conduct or 
deter it, is highly fluid. The most maneuverable combat forces almost invaria- 
bly are the most successful. 

At present we are in the earliest phase of our military space effort. We 
must consider that the weapon systems we are now building for the immedi- 
ate future are primitive compared with the highly sophisticated types which 
will eventually replace them. Almost certainly the space systems of tomorrow 
will be fully manned, to achieve the fullest measure of maneuverability. 

It would be idle at this point to predict in detail how those future 
systems will perform. They will evolve gradually as our competence and 
experience in space flight increase. But we can already perceive the direction 
they are taking. Their characteristics will be determined by their opera- 
tional environment. The two most notable features of that environment, 
in the vicinity of the earth, are its gravitational field and the near presence 
of the atmosphere beneath it. The gravitational field governs the motion of 
the craft and therefore its propulsion. The atmosphere governs its behavior 
on re-entry, when its mission is completed, or in an emergency. Gravitation 
provides the spacecraft with a unique capability. Once in motion, it needs 
no power whatever to continue traveling at hypersonic speed on a pre- 
determined course. In a satellite orbit that is high enough, it will go on 
circling the earth indefinitely. 

The military spacecraft will be basically a satellite, proceeding on 
station in its orbit until it is called upon to take some action. The nature 
of its mission will determine the characteristics of the orbit. It will rarely 
depart from its precomputed course, because of the necessity to conserve 
is rocket propellant. It will be designed for ultimate re-entry into the 
atmosphere. For that reason it will have the configuration of a hyper- 
nic aircraft or glider, a configuration which will not affect its performance 


in space. There is the possibility that it could take off under its own power. 


ltappears more likely that it will be mounted as the terminal stage of a large 
booster rocket, which will almost certainly be recoverable. 
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The early prototype of just such a military spacecraft is now under 
development by Air Force Systems Command. It is the experimental boost. 
glide vehicle, Dyna-Soar. It will be lifted into space as the terminal stage 
of a rocket system with an IcBM as its booster. When its mission 
is completed it will re-enter the atmosphere and glide down to a landing, 
using a brief burst of power to correct its course and speed before touch. 
down. At the present time it is planned to place Dyna-Soar in its free-flight 
trajectory at somewhat less than orbital velocity. It will make one or more 
circuits of the earth, losing altitude, before it glides back into the atmos 
phere. This is a question which does not materially affect the design of 
Dyna-Soar as a true space vehicle. Its cutoff speed is a function of the 
booster system, not of the craft. If a sufficiently powerful rocket should become 
available by the time it is ready for its trial flights, Dyna-Soar might conceiva- 
bly be sent into orbit. 

The Dyna-Soar is limited for the present to an experimental version. 
However, something like it must inevitably become a part of our aerospace 
force. 

By then, perhaps, the popular notion advanced by some today, that 
the unmanned mechanism will supersede manned systems, will have been 
discarded, and the missile will be accepted as a complementary element in a 
manned aerospace weapon system. This is the most logical relationship 
between them, once they are both developed to a high point of operational 
utility. 

The purpose of this discussion has been to show that in any kind of 
counterstrike force the two elements are indispensable—that the inanimate 
missile and the manned craft both are essential to a positive aerospace deter- 
rent. The mix of the two is a question that can only be decided on the basis of 
our technological advancement at the moment. But it is vital to our security 
that we maintain an appropriate combination of both, at every stage of our 
efforts to produce and maintain for this country the world’s foremost aero- 
space force. 


Headquarters Air Force Systems Command 
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Military Uses of Man in Space 


COLONEL JOHN P. STAPP 


HE STORY is told of an overseer of an African plantation who became 

tired of the constant surveillance required to keep his lackadaisical 
natives on the job. Finally he devised a scheme to take advantage of their 
wodoo superstitions. Calling them together, he removed his glass eye 
aid convinced them that it could see and report to him what they were 
doing in his absence. Thereafter he mounted it conspicuously on a fence 
post overlooking the field. He surreptitiously spied on them enough to keep 
them convinced of the magic powers of the glass eye, and they remained 
diligent under its surveillance. One day he came by the field unexpectedly 
and found all hands taking their ease. Not one was working. Glancing at 
the post on which he had left his glass eye, he saw that someone had slipped 
atin cup over it. 

The ingenious techniques of subtle sabotage possible in space electronic 
countermeasures might well render an unmanned surveillance satellite 
a ineffectual as a glass eye in a tin cup orbiting the earth. The responsibility 
or launching a vehicle from orbit calls for direct human control and decision. 
Other orbital launch techniques cannot be absolutely dependable. ° 
Progress in missile propulsion with resultant increased payload capacity, 
ombined with microminiaturization of electronic components by the use of 
nolecular-film transistor modules, will enormously increase the versatility 
and complexity of sensing and computing devices in space satellites as well 
s simplify the mechanics of modifying or maintaining them. The increased 
complexity and variety of such instrumentation will enhance the desirability 
of direct human monitoring, checkout, recalibration, and reprograming, 
ther continuously or intermittently. Reprograming the instruments to 
amsmit new and different signals, and even updating circuits while in 
wbit, are inviting possibilities. Instrumented satellites launched to date 
tave fallen short of expectations in many instances by mechanical failures 
luring ascent into orbit, by premature breakdown of transmission after 
tial success, by calibration ranges and sensitivities that failed to match 
je characteristics of the events they attempted to measure, and finally by 
ansmitting the same data with extravagant redundance long after there 





vas no further profit in recording it. In all these instances a trained opera- 
lor aboard the satellite could have enormously enhanced the usefulness of 
‘very expensive orbiting observatory. 

Not only is the increased reliability and versatility of instrumentation 
_osible in a manned satellite a factor, but the observations and performance 
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of tasks by the astronaut have unique value, beyond weight saving in pound; 
of “black boxes” to replace him. Granted that man cannot be miniaturized 
as readily as the electronic components in their characteristic black-paneled 
cases and that he has constant requirements for oxygen, water, food, waste 
disposal, viable atmosphere, and living space, these liabilities are out. 
weighed by his decision making, his capacity for overriding or bypassing 
mechanical failures, his versatility in complex tasks, and his skill in re. 
turning the total vehicle for re-use. As space vehicles continue to improve, 
the balance of trade-off between the weight of a man and his logistics versus 
the weight of black boxes with backups required to replace him will come 
at an ever earlier time in the duration of an orbital satellite flight. From this 
point of increasing returns, a saving in weight and complexity of a space 
weapon system can be realized while gaining also in reliability of com 
munications and control by using a human operator. An astronaut can im 
provise against the unforeseen and unknown more effectively than can 
remote-control instrumentation. Some things done by remote control lose 
more than is gained—consider the case of making a bed with a walking 
stick instead of using your hands, or, more specifically, of trying to use a black 
box where using your head would be more profitable. 

The question resolves itself into an evaluation of manned space 
systems, in terms of their unique capabilities and effectiveness, and not into 
a polemic over the relative merit of man versus his alleged equivalent in 
black boxes—a piece of illogic by reason of comparing noncomparable 
objects. The higher functions of his nervous system and the compactness and 
sensitivity of his sense organs defy duplication by electronic and other in- 
strumentation, even without considering the restrictions in weight and siz 
of present space systems. Furthermore, man on the ground as an ob 
server via electronic sensing and transmitting devices can receive calibrations 
from man the observer in space, verifying and correcting observations made 
aloft, simultaneously with the ground station. 


manned space missions 


Now that the feasibility of orbital flight has been verified and assum- 
ing that the feasibility of satelloid systems of the Dyna-Soar type will be 
advanced by the maximum altitude and speed trajectories of the X-15, what 
are some of the military missions that would require the unique capability of 
manned space systems? 

Radiation hazards of the Van Allen layers apparently restrict un- 
shielded orbital flight to altitudes below 600 miles. Certainly, I believe, 
first priority from a military surveillance standpoint calls for thorough 
evaluation of surveillance techniques, most favorable altitude and direction of 
orbits, and calibration of optical and electronic observations against direct 
human observation and the unique value of human manipulation of optical 
and electronic instruments. This evaluation is needed to establish range and 
resolution of objects of military significance. Very essential tables of alti 
tude versus range and resolving power for instruments in the full spectrum 
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of visible and infrared light, of radar and all radio frequencies, can be ob- 
tained from a systematic search. At the same time spherical projection map- 
ping through a selected sequence of circular orbit altitudes can be accom- 
plished by means of photographs taken in those orbits. The photographs 
an then be compared with television transmission to calibrate television and 
compile permanent, accurate ballistic and astrogation maps. 

The space patrol concept from an orbital satellite would naturally follow 
the exploration of optimum altitudes and orbits and development of the re- 
entry techniques. Because of the anticipated payoff from human capabilities, 
¢lfmaintainability, and ability to maintain equipment, a great deal of em- 
phasis has been given by aerospace medical scientists to human-factors aspects 
of this type of relatively prolonged space flight. This emphasis has been 
largely incited by systems engineers, who have made thorough operations 
analyses and find the manned systems highly profitable if it can be dem- 
mstrated that a minimum crew can tolerate a 30-day mission. To this end 
in March and April 1960 the Aerospace Medical Division of Wright Air 
Development Division completed two 15-day work cycle studies with Strategic 
Air Command B-52 crews who volunteered for a simulated space mission in 
the confines of a space weapon mockup at Marietta, Georgia. In September 
and October of 1960 two Air Force pilots were confined in a ground-level 
pace flight simulator for a little over 30 days at the Aerospace Medical Cen- 
tr, Brooks Air Force Base, Texas. 

Further proof of feasibility for a manned space patrol system with 

day orbiting capability, and for larger patrol-type systems of even longer 
fight duration, will require an orbiting space research vehicle to evaluate 
fects of prolonged exposure to weightlessness. No ground-level device or 
ironautical research vehicle limited to exposures ranging from fractions 
ofa second to less than a minute can provide sufficient duration of weight- 
lssness. An orbital laboratory is also required to determine the effects of 
maintained environmental stress and adaptation to a drastically different 
vironment on a continuous basis, which cannot be simulated under other 
an actual conditions. Total low-grade radiation effects must also be moni- 
red in the space environment to estimate any chronic hazards that may 
found. Other than these special problems, ground-level simulation and 
ronautical experiments have reproduced anticipated space-environment 
actors acceptably for feasibility study and life-support system development 
purposes. 
A properly spaced squadron of such 30-day or longer space patrol 
ystems can serve a secondary function as communications relays for 
tlectronic signals, particularly in an emergency electronic blackout of stand- 
wd signals. The size and sophisticatiofi of these vehicles will allow 
nsiderable man-machine versatility of operations. Weather information 
ould be computed and coded on board for quick transmission around the 
world. The unique capabilities of human observers could be reinforced by 
juccessive crews orbiting over the same suspicious objects at relatively short 
‘tervals, confirming each other’s observations. 
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the human factor 


The clocklike predictability of satellite orbits minimizes the element of 
surprise in orbital systems while increasing opportunity for antimissile 
countermeasures in direct ratio to the duration of flight. Passive orbital flight 
denies evasive action to such attacks. These shortcomings are surmounted jp 
spacecraft flown under control of the astronaut, either in satelloid flight of one 
circumference or less around the earth at slightly less than orbital speed or 
with power to enter and leave orbit at the will of the pilot. Here the 
proven aeronautical capabilities of man meet a higher challenge. 

Space pilots must adapt themselves to reaction controls, which steer 
the spacecraft by accelerative force of thrust nozzles but permit dangerous| 
sensitive overcontrol in comparison to the linear response of the aerodynamic 
stick and rudder. 

Weightlessness has not impaired the performance of jet pilots or inter. 
fered with their control of the aircraft during brief exposures obtained in 
Keplerian trajectories. Diminished threshold to acceleration may occur during 
prolonged orbital weightlessness, with the possibility of giving the pilot 4 
few bad seconds in a sudden exit from orbit; but this condition remains 
a supposition until it can be tested in space flight. 

Visual problems in space flight will be presented both by the high 
closing speeds and by the lack of reference cues for depth perception. VFR 
flight of a spacecraft at increasing distances from the earth will be weird 
and difficult because of the radically different and unfamiliar visual environ. 
ment, particularly at altitudes where the curvature of the earth gradually 
merges into a spherical horizon. New systems of instrument flight and of 
celestial and terrestrial navigation will need to be developed along with 
spherical mapping techniques. 

Nevertheless, meeting the challenge of these complexities will give 
man his greatest usefulness—approaching irreplaceability—in space systems. 
Surprise and evasion are at the command of his skill and discretion, 
as the enemy is forced to find and track him without a predictable orbit to 
compute. His autonomy of the spacecraft exempts him from interference. The 
astronaut will be on equal terms with the aeronaut as a flyer, but with in- 
finitely expanded performance at his command. 

Thus far, rocket motors have been used to thrust missiles into various 
single-stage or multistage ballistic trajectories, to accelerate them to orbital 
velocities and altitudes, to control spin rate of instrumented satellites, t0 
retrothrust missiles out of orbit, and to attain escape velocity for inter 
planetary exploration. Another use for rocket thrust is available as the 
state of the art develops: the use of thrust for lift. Lighter-than-air displace 
ment enables helium-filled thin plastic balloons to carry 500-pound payloads 
to 140,000 feet and smaller payloads still higher. Theoretically one million 
cubic feet of helium can carry one pound up to 220,000 feet. Since one mil 
lion cubic feet of volume cannot be enveloped by less than a pound of any 
known material, even a monomolecular film, an absolute ceiling for dis 
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placement lift is evident. Aerodynamic lift, depending on air density, flight 
velocity, and wing area and design, likewise has a finite ceiling, which is 
less than 120,000 feet. Above this ceiling only brief zoom on momentum is 
possible—somewhat like the brief aerodynamic excursions of the flying fish 
above his normal aquatic medium. 

Since rocket thrust is exempt from atmospheric limitations, there is no 
altitude ceiling on its use as an opposing force to the pull of gravity. By 
adjusting the vertical component of thrust to exactly offset the earth’s 
gravitational attraction at any given altitude, a space platform could be 
made to hover at constant height without tangential motion. The use of 
thrust for lift as well as translational displacement makes true space flight 
possible, independent of velocity and with complete control of acceleration 
down to zero from either positive or negative. 

It is within existing capabilities to lift a lightweight open gondola 
with two pressure-suited occupants to 100,000 feet by means of a 5-million- 
cubic-foot helium-filled thin plastic balloon. The balloon could be dis- 
carded at this height, and solid-fuel rockets ignited below the gondola 
could—perhaps by manifolded successive stages—lift the gondola at low ac- 
celeration to between 50 and 100 miles above the earth. It might be possible 
to hover for several seconds on retarded thrust before descending by deployed 
cargo chute or even by bailout such as Captain Joseph Kittinger proved 
feasible from 102,800 feet in August 1960. 

There is a wide selection of off-the-shelf solid-fuel rockets available for 
progressively augmenting the performance of such a poor man’s space 
“go-kart.” The next stage in sophistication of this approach would be to 
use a closed cabin lifted by a variable-thrust liquid-rocket motor. A feasibility 
inquiry has shown that an existing, reliable, liquid-rocket motor can be modi- 
fed to provide lift-thrust vertical flight of low acceleration up to 500,000 
feet. Even these primitive attempts at controlled lift-thrust above the aerody- 
namic atmosphere can attain some profitable information. 

There is a prospect of eventual development of lift-thrust in combina- 
tion with an aerodynamic airframe to enable such a manned aerospace 
vehicle to hover or fly slowly or swiftly at selected altitudes above the at- 
mosphere for useful durations and with aerodynamic capability of selected 
nding. Demonstrable military usefulness of space flight between the top 
of the atmosphere and the lowest practical orbital altitudes would be in- 
disputable, particularly if it can be accomplished with complete range of 
control on speed and altitude. 

Finally, it is worthwhile to investigate the possibility of manned space 
light in which the motors operate as jets on take-off, convert to ramjets 
in flight at appropriate speed and altitude, and finally introduce appropri- 
dé oxidants and reductants to function as liquid-rocket engines beyond the 
ititude and speed practicable for ramjet propulsion. Conventional runways 
an be used for take-off and landing; the regimes of aerodynamic subsonic 
though high hypersonic speeds progress into space flight and attainment of 
mbital and even escape velocities in a sequence tailored to human demands 
ind abilities. This is a welcome prospect in comparison with current Pro- 
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crustean approaches by which man is compressed, confined, made to adap, 
himself to engineering limitations of existing ballistic propulsion.* 

Space speculation has almost displaced sin as a favorite topic of con 
versation, and it is a fertile field for metaphysical phantasy, unchallengeab 
until research establishes the facts. This is particularly true about the psycho 
logical factors. Most psychologists are loath to leave a single problen 
behind, anticipating that every earthly abberation will have its counterpan 
in either isolated or group space flight. In the presence of overwhelmin 
threat to survival, some personality factors may be overridden by more im 
perative considerations. It becomes academic to wonder whether an intro 
vert would bail out a sinking life boat more diligently than an extrovert- 
although which personality type would keep up the effort longer might lk 
significant. A more pleasant speculative alternative would be on the posi 
ble beneficial effects on cerebral cortical activity, freed from neuromuscula 
bombardments of gravity reflexes, isolated except for selected sensory input 
and information. Perhaps the ‘“break-off’ phenomenon described by mani 
test pilots and by Lt. Col. David G. Simons during his 32-hour-10-minut 
balloon-borne sojourn in near space may be put to use in pure objective 
thinking. 


Gone beyond military requirements and considering manned 
space flight in terms of scientific exploration of the universe, the best statement 
to date on the need for man to venture into space comes from a report dated 
25 January 1960 and issued by the National Aeronautics and Space Admin 
istration’s Biosciences Advisory Committee of seven distinguished scientist 
under Dr. Seymour S. Kety. It is summed up in the following passage: 


The basic study of extraterrestrial environments is ultimately likely to be most productive 
in furthering an understanding of the fundamental laws of nature. Among the most 
perplexing questions which have challenged men’s minds are the nature and origin of life 
and the possibility of its presence elsewhere in the universe than on the earth alone. For 
the first time in history, partial answers to these questions are within reach. Limited knowl- 
edge acquired over the past century concerning atmospheric and climatic conditions on 
other planets, the topographical and seasonal variety in color of the surface of Mars, the 
spectroscopic similarities between scattered sunlight from portions of that planet and 
those demonstrable from algae and lichens on earth have suggested the presence of extra- 
terrestrial environments suitable for life and: permitted the formulation of hypotheses for 
the existence there of some forms of life at present or in the past. These hypotheses may, 
within the foreseeable future, be tested, at first indirectly by astronomical observations 
made beyond the interference of the earth’s atmosphere and by samplings taken mechani- 
cally from various celestial bodies, and finally, by direct human exploration. The discovery 
of extraterrestrial life and a description of its various forms, knowledge of the presence 
and types of complex molecules based on carbon or other elements, or conversely, the 
absence of living organisms or of their traces in environments conducive to life will have 
important implications toward an ultimate understanding of biological phenomena. 

These studies will not be complete until the scientist himself is able to make meticulous 
investigations on the spot. This is true, not only for the biological, but, also, for many other 
physical, chemical and geological problems which are involved. Although significant 
engineering achievements in automation, sensing, recording, programming and telemeter- 
ing have been realized and considerable future development is in prospect, the indispen- 


*Considering the miniaturization of electronics and the rapid progress of propulsion develop: 
ment, it is futile to juggle payload distributions which will be happily discarded as outdated 
before they can be used. Likewise the cataloging of projected human-life-support requiremenl, 
protective devices, biologistics, psychophysiological limitations, and crew selection criteria would 
be needless repetition of subjects well covered in Air University Quarterly Review (Vol. X, No.’ 
Summer 1958). 
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2) adap sability of the human observer in much of space exploration is well established. Man’s 
versatility and selectivity, his ability to perceive the significance of unexpected and un- 
programmed findings or to react intelligently to unanticipated situations have not been 
of con. simulated by any combination of physical devices, however complex, which have been 

developed or are even contemplated. Human intelligence and manual skill in servicing 
ngeabl the complicated mechanisms of space vehicles or repairing breakdowns in flight are not 
psycho readily dispensed with or replaced. When along with these attributes are considered his 

weight of 70 kg., his total resting power requirements of 100 watts, his ability to function 
sroblem for years without maintenance or breakdown, then even the most elaborate provisions for 
iterpart his sustenance, welfare and safety are amply justified simply in terms of engineering effi- 

ciency. A national program in space science which does not recognize the essentiality of the 


nelmin human observer and does not plan to utilize him most effectively may wait indefinitely for 
ore im: the automatic devices to replace him or be limited to incomplete and opportunistic ob- 
g servations. 
n intro : 
rovert- We have briefly reviewed the possibilities of manned space systems. 


ight bk} None of these possibilities is being neglected by our competitors. I am con- 
€ poss vinced that negotiation from strength will be reinforced by our possessing 
1uscula} manned space vehicles and using them in the pursuit of world peace. 
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Technical Breakthrough 


COLONEL FRANCIS X. KANE 


E ARE engaged in a war of technological maneuver with the Soviets. 
Our goal must be to exploit technology so as to demonstrate a position 
of unquestioned and unmistakable military dominance. In brief, we must re. 
capture the position we attained through the development of the jet air 
craft and the atomic bomb and through the creation of our air power. 
In the past fifteen years the Soviets have used technology to build military 
strength comparable to ours and thus have eliminated our once clear 
superiority. 
We are now entering a new phase of maneuver; we stand on the 
threshold of a major advance in weapon capabilities which can give a clear 
advantage to us or to the Soviets. We look to a technological breakthrough, 
trying to anticipate when it will occur and to foresee the changes it will 
bring. We will find a partial answer to these questions if we examine the 
nature of a breakthrough. For the purposes of this inquiry we should look 
at this phenomenon in three parts: 


© a description of the process by which a technological breakthrough 
occurs, 

® an examination in broad terms of the present state of our tech- 
nology, 


® a discussion of the probable course of technology. 


the process of a breakthrough 


In discussing the technological breakthrough we must keep foremost 
in mind that we are dealing with the realm of human action, i.e., planned 
action toward desired goals. Terms such: as “technological explosion” and 
“onrush of technology” give the impression that there is an impersonal, i- 
exorable force in society which is producing major advances spontaneous, 
particularly in military capabilities. It cannot be emphasized too strongly 
that such advances result from human action on the broad aspects and 
specific problems of technology. A viewpoint based on the belief that the) 
are automatic and self-generating reduces us to the role of observers and 
commentators, rather than recognizing that we are planners and doers. 
If these advances did not result from planned action, there would be little 
practical value in examining this aspect of the future. 

The term “technological breakthrough” is used to describe develop 
ments of such widely differing types that it has many meanings. For the 


sake ¢ 
to hav 


Si 
system 
began 
when 
way fe 
were a 
posed 
ing ne 
should 

(1) 
(2) 
and acc 

(3) | 
(4) 
is direc 
Ste 
theory i 
also be 
a theory 
that son 
work. V 
(1) I 
(2) I 
recogniz 
is a Circ 
ance of ; 
(3) I 
first step 
(4) Th 
inventio1 
portion 
Step 
made at 
sphere. § 
of the ir 
as to tran 
purpose ji 
achieving 
weapon s 
step are: 
(1) It. 
(2) It: 
(3) Th 
advances | 
Capabilitie 








Oviets. 
osition 
just re- 
et air 
power. 
rilitary 
+ clear 


on the 
a clear 
rough, 
it will 
ine the 
id look 


hrough 


ir tech- 


oremost 
planned 
n” and 
nal, in- 
neously, 
strongly 
cts and 
vat they 
ers and 
| doers. 
be. little 


Jevelop- 
For the 





TECHNICAL BREAKTHROUGH 265 


sake of clarity we should examine the genealogy of major advances, so as 
to have an insight into the full range of meaning. 


Step One: The Intellectual Breakthrough. The revolution in weapon 
systems today is a result of the revolution in science, notably in physics, which 
began a century ago. An intellectual breakthrough was made during the period 
when Maxwell and Mach were making their discoveries, and it paved the 
way for Einstein’s special theory of relativity. These intellectual advances 
were a “breakthrough” because they eliminated some of the restrictions im- 
posed on scientific thought by acceptance of classical principles. By propos- 
ing new theories individual scientists established a new era in science. We 
should note several characteristics of this revolution: 

(1) It was the consequence of creative action by men of genius. 

(2) It took two generations of scientists for these ideas to be recognized 
and accepted. 

(3) The basic advances were started nearly a century ago. 

(4) They occurred in science, i.e., in that part of human activity which 
is directed toward understanding of the real world. 


Step Two: The Invention. The second step is a process of translating 
theory into a device which appears to have some usefulness. This step could 
also be termed “the application,” for in it we find the first application of 
a theory to a useful device. The essence of invention is the first confidence 
that something should work, and the first rough test is that it will in fact 
work. We should note several characteristics of this step: 

(1) It, too, is a creative process. 

(2) Invention usually takes place only after a scientific theory has been 
recognized and accepted. For our purpose we should note that at times this 
is a circular proposition in that invention may be the key to the accept- 
ance of a theory. 

(3) Invention is considered a part of technology as compared to the 
first step, which is the realm of science and the philosophy of science. 

(4) Invention has been a lengthy process, and during the period when 
inventions were the work of one man this period often covered the major 
portion of his adult life. 


Step Three: The Policy Breakthrough. This step results from a decision 
made at the management level, whether it is in industry or in the military 
sphere. Such a decision is based on recognition of the potential importance 
of the invention. The essence of the decision is to allocate resources so 
as to translate an invention into a product which is materially useful, and the 
purpose is to gain a time advantage, whether in marketing a product or in 
achieving a military capability. Naturally-in the military case this is a 
weapon system or a major component of one. The characteristics of this 
step are: 

(1) It is the result of a decision process, based on recognition. 

(2) It is managerial in nature. 

(3) The choice of this invention from among a number of potential 
advances has a major influence on the future of the industry or of military 
capabilities. 
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(4) In the past this step has taken a much shorter period of time than 
the first two. 


Step Four: The Engineering Breakthrough. In this step the invention 
chosen by management is produced in numbers. An essential part of the 
engineering breakthrough is the advanced development or prototype. In 
industry the construction of a pilot plant provides the bridge between the 
“bread board” model and series production. In the military sphere we have 
taken several approaches to this aspect of the engineering breakthrough. In 
the past we built prototypes of aircraft prior to production. In the develop. 
ment of our missiles we telescoped the construction of the prototype and 
production of the operational model into a single phase under the con- 
currency principle. However, we now have advanced developments for 
systems such as Dyna-Soar and the nuclear-powered airplane without con. 
current tooling for production. The distinction between phases is further 
blurred by development of one-time, unique systems, such as our command 
and control systems. The characteristics of this step are: 

(1) The engineering breakthrough is a result of the work of creative 
people, generally with different qualities than the scientist or inventor. 

(2) It comes as a result of technology which aims at usefulness. 

(3) Success in this endeavor is the only step meaningful for immediate 
military capabilities. 

(4) It covers a much shorter period of time than steps one and two. 

This division in steps, into bits and pieces, is for illustrative purposes 
only. We should recognize that scientists sometimes take on the role of 
technologists; that technologists have made scientific discoveries; that pro- 
duction may require invention; that scientists, engineers, and managers 
participate in the decision process. Also it is impossible to summarize in 
four simple steps the activities of a multitude of individuals in complex 
technological relationships. Some state that invention is a part of step one; 
others that it is a part of step three; others that it is a distinct step in itself 
There is no uniformity in this process. At times individuals have tried to 
stimulate closer ties between science and technology. Galileo and Newton, 
for instance, tried to cross-fertilize these two fields. Also in the area of 
innovation, Black’s discovery of radiant heat enabled Watt to invent 4 
more efficient steam engine, but there is no clear indication that Watt 
set out to employ Black’s discovery. It is fairly clear that Watt was 
knowledgeable in the science of his day as the result of his work 
as maker of scientific instruments. Diesel’s attempt to apply the law of 
thermodynamics (made possible by the high-pressure steam engine) led to 
the invention of the diesel engine. But the forecast that it would be the 
engine for aircraft clearly missed the mark. Historical experience is complet, 
and our four steps are only indicative of broad areas of human activity. 

However, our interest is in the impact of science and technology on 
military capabilities. Let us look at the four steps in this context. The 
revolution in physics beginning with Maxwell and Mach led to new 
theories which culminated in the building of the atomic bomb. The poliG 
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breakthrough in this historical example—the decision of the President to 
spend the required large sums of money—was based on the recognition by 
the scientific community, notably by Einstein, of the importance of the 
theoretical advance. 

In the case of the ballistic missile the direct relationship between 
science and weapon is not quite as dramatic and clear-cut as in the 
example of the atomic bomb. However it is clear that Goddard’s initial 
investigations of rocket propulsion and Oberth’s theoretical calculations 
played key roles in the German development of the V-1 and V-2 rockets. 
Here is an example of an invention being recognized and resources being 
allocated for an engineering breakthrough. This decision was made in 1932, 
and the first V-2 flew ten years later. 

The German engineering work played a significant role in Russian 
rocket development and in our own as well. For example, both U.S. and 
Soviet postwar rocket engines used the oxygen and alcohol propellant of the 
V-2. At this point the technical paths diverged. The relatively primitive state 
of Russian nuclear weaponry forced the Soviets to pursue instead an engineer- 
ing approach to missile development. We, on the other hand, chose to 
await an invention in nuclear weaponry to give us a lightweight, high-yield, 
nuclear bomb. Once this invention was achieved, we made the decision to 
allocate resources to our missile program and sponsored the many engineer- 
ing breakthroughs in guidance, airframe construction, and re-entry technol- 
ogy required for operational missiles. We see, then, that the creation of the 
atomic bomb followed the pattern of four steps but that in the missile 
field the step division is not so clear-cut. 

In its broadest sense the term “technological breakthrough” applies to 
the entire process when it results in advances which thrust us into a new 
era of military capabilities. We should note, however, that the term is used 
also in connection with limited parts of the process. A new theory may be 
described in scientific circles as a breakthrough. An inventor may describe 
his work as a breakthrough. The engineers working on a specific part of the 
problem of production may describe an advance they make as a break- 
through, particularly when the invention is necessary for production. Use 
of the term has some validity in that, without the invention, production 
would not be a reality. 

The key step in the entire breakthrough process is step three, the 
policy breakthrough. A decision in the realm of the engineering break- 
through cannot be considered in isolation from effort allocated to steps one 
and two. The importance of the policy breakthrough cannot be overempha- 
sized. 


restraints on the breakthrough 


At the present time, in the initial phase of the space age, we are waiting 
for a technological breakthrough, in the broadest sense of the term. However 
we are faced with a basic uncertainty. Because the advances in theory and 
invention (steps one and two) are the result of a creative process, we cannot 
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anticipate their nature or the time of their appearance. Thus we cannot 
forecast when essential major innovations will take place. 

In attempting to bring order and control to the technological break. 
through, we have in the past concentrated on steps three and four in the 
process, the policy and the engineering steps. We have studied manage. 
ment and decision procedures in more detail than the intellectual break. 
through and invention. We have brought a great effort to bear on production, 
so that systems are made realities in a minimum of time. We consider it a 
major breakthrough when the time covered by steps three and four js 
reduced from eight to five years. We have not made a similar effort to 
reduce the total time covered by the entire breakthrough process. 

At the present time the period covered by the intellectual breakthrough 
and the invention cannot be reduced. This is an unavoidable consequence 
of our scientific and technological effort, partly because steps one and two 
lie outside the military sphere. In their broadest sense they are the con. 
sequence of our society, and our contemporary society has not organized an 
effort to influence these steps. 

Furthermore these considerations reflect the sharply contrasted tech: 
nological strategies of the Soviet Union and the United States. The Soviets 
have a strategy of focusing their effort, including their basic and applied 
research. Central direction and control are the key aspects of their strategy. 
This means that discovery and invention must be on schedule. The motivation 
of Soviet scientists has been an important factor in meeting goals, but sanc 
tions and punishment for failure are also an important part of this approach. 
Also, by focusing their effort, the Soviets leave to atrophy areas which are not 
considered vital. 

Our strategy is to advance on a broad front. Direction and control are 
minimized. Invention and innovation are where we find them. We exert our 
effort in capitalizing on what our rich technology can give us. For the long 
pull we should continue to follow our strategy while being aware of the 
danger of an advantage which the Soviets can attain in a limited aspect of 
technology. In effect the Soviets are gambling that such an advantage will 
prove to be vital to their goal of domination. 

In connection with step two we should note a change in the way the 
Air Force now approaches invention. In the past invention was usually the 
work of an individual. Today we are making an institutionalized effort to get 
inventions. 

Once again there is much to be said on both sides of the question. It 
is not clear-cut that a team approach is superior to an individual approach 
to an invention. Studies indicate that certain creative individuals cannot 


work as members of a team, while others function best as part of a team. 
Some fields of science, notably chemistry, seem to require a team effort in 
order to make advances; but in the fields of physics and mechanical engineer 
ing more advances seem to be made by the individual working alone. R¢- 
gardless of the approach followed, it appears difficult to reduce the time 
necessary for intellectual breakthrough and invention. It may well be that 
recognition and acceptance of new theories and inventions will always 
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require a period of mellowing, testing, and evaluation. But we should note 
that as far as our immediate interest is concerned a new theory or invention 
would have little impact within the current decade. This brings us to 
another aspect of a technological breakthrough. 

Our principal concern is in the time when such advances occur. The 
invention of a new jet engine today would not produce a new era in military 
capabilities as did the first jet produced by Whittle. Conversely, the invention 
tomorrow of a practical way of using focused energy beams as weapons would 
alter radically the whole sphere of military activities. The consideration of 
time is especially crucial for us in the war of technological maneuver. 

Today we face many restraints in regaining a clear advantage over the 
Soviets. Some of these lie in the broad field of technology itself. This is not 
to say that technology is the result of an impersonal historical force. It is a 
reflection of the fact that the state of technology results from the endeavors 
of individuals and the state of their knowledge. The first jet could never 
have been produced in 1900 nor the first atomic bomb in 1915. Today we do 
not have a space technology on which to build for a breakthrough. The space 
systems now under development are an outgrowth of our missile technology. 
We lack facilities such as space-environment laboratories, either on earth or 
in orbit. Some of our projects, such as Discoverer, will give us empirical data 
on which to build our space technology. Also it may well be that we will not 
need an extensive effort beyond the existing technology. But until now we 
have had a ‘“‘wait and see” attitude. We should be following a strategy of 
identifying problems and allocating the effort necessary to solve them. 

Considerations of strategy impose another restraint. We must have at 
all times the in-being force necessary to win wars. This means being ready 
for operations at every moment in the foreseeable future while providing 
simultaneously the foundations for major advances in capabilities. These 
are requirements that compete for resources. Our in-being capability is 
not static; we cannot allow it to dwindle or become obsolete. Thus moderni- 
zation of our forces must be continuous but must not detract from having 
suficient power at any given point in time. 

This restraint is compounded by a third restraint, which is financial. 
There is an upper limit on what we can expend to advance technology in 
general and on what we can allocate to develop specific systems. For example, 
no amount of money spent in 1935 would have given us our first 1cBM. Un- 
limited resources in 1950 would not have given us the Dyna-Soar. In attempt- 
ing to achieve a technological breakthrough we must reckon with restraints 
imposed by the state of technology, by strategy, and by funding. Today there 
is also the fundamental shortage in scientific manpower. 

These restraints have their greatest impact on step three, the policy 
breakthrough. Here the attitude toward technology plays an important role. 
As long as decision makers are convinced that advances occur automatically, 
a long as they believe that contemporary technology can give us at any 
moment an unexpected but major advance in military capability, they will 
be restrained from taking effective action. Such an attitude makes them 
reluctant to choose a weapon or warfare system to develop and produce 
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because a breakthrough would make it obsolete and unnecessary. A belief 
in the “millennium tomorrow” is based on the unstated assumption that 
advances come automatically because of the nature of our present environ. 
ment. From a cursory glance at past breakthroughs it should be apparent 
that they are the result of human action—that is, a combination of goals 
and work to attain goals. Nevertheless the result of this attitude is a belief 
that choices are unnecessary because advances are spontaneous. 

Another aspect of restraint on the policy step offers a seeming paradox. 
The decision maker, while awaiting a technological breakthrough at any 
given point in time, feels he is suffering from an embarras de richesse. As 
he faces the choice of a course of action, he sees so many ways to proceed 
that he finds it difficult to choose any one of them. Furthermore the rate of 
advance makes him hesitate, for if he chooses he may soon find that the 
system selected has been made obsolete before it is usable. 

The rate is exponential. For instance in 1935 there were two designs of 
a major bomber weapon system available; in 1955 there were more than 366. 
Complicating the choice of a system is the problem of evaluating the inter. 
relationships of the growing number of choices and the other aspects of the 
force in which they will operate. And these too are increasing in number. 

These considerations have important repercussions. The first is that they 
delay decisions. Secondly, the decision makers press the military planner 
to examine minutely the entailed decisions which spring from the courses 
of action possible. Additionally they press him to forecast with certainty 
these anticipated effects. A recourse to science is the planner’s response to 
such demands. 

Here we should note another paradox in this process. The scientist 
and technologist are responsible for advances in knowledge and in applica 
tions. Authority in these fields does not, per se, give them insight into what 
is either commercially or militarily useful. The management level in industry, 
while using scientists for technical advice, does not depend on them for 
managerial decisions. However, in the military sphere, management pro 
cedures are designed to have scientists participate. Thus, while individual 
scientists can initiate a breakthrough,, other scientists can restrain the ful 
fillment of the breakthrough because of their influence on decisions. 

The control of the technological breakthrough in the decade of the 
Sixties and beyond requires that we take a more comprehensive approach to 
the problem. We must consider it as an integrated process and devise pro 
cedures just as we have for weapon system development. As has been pointed 
out, we have had a pragmatic philosophy in the past. We have given empha 
sis to parts of the process and have neglected others. We have not made 4 
systematic approach to controlling steps one and two. We do have 4 
primitive solution in our basic and applied research programs, but it has 
not been the consequence of a rational choice between various strategies 
or methods for stimulating advances. By and large the nature of the it- 
tellectual and inventive steps is unknown, and we do not have a prograil 
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designed to promote understanding of them. Such an effort is essential to 
the control and direction of the entire process of making technological 
breakthroughs. As we have noted, because of the nature of steps one and 
two, we may never find it possible to control them. 


the state of our technology 


Within the limits just described, we have a constantly evolving program 
in basic and applied research. We are promoting these programs today to 
lay the foundations for a dynamic technology tomorrow. In basic research 
we are seeking new knowledge essential to step one in future technological 
breakthroughs. The Air Force is playing a significant role in supporting the 
Nation’s basic research. The size of our effort is shown by the fact that we 
currently have some 1600 basic research contracts with laboratories, universi- 
ties, and industries in the United States and elsewhere in the Free World. 
We are spending some 42 million dollars in fiscal year 1961 on basic re- 
search, exclusive of our in-house research activity. While this is about ten 
times the amount we were spending in the early Fifties, we still do not 
consider it adequate. We plan to nearly double our annual expenditure over 
the next few years, but we are not satisfied that even this is sufficient.* 

In some cases progress in science and technology awaits the development 
of new fundamental mathematics. We all know that a single new mathemati- 
cal method can revolutionize an entire area of application. We are seeking 
the development of new ideas in mathematics, as well as improvement of 
known techniques. We hope to obtain new structures for linear and non- 
linear mathematics and for mathematical analysis. New and better computa- 
tional methods are needed. One example of the areas in which we are 
working relates to information theory. 

In our applied research program we are seeking to develop the specific 
technology which we can apply to future military systems. For this ex- 
tensive program, to which we are giving constantly increased emphasis, we 
are spending some 243 million dollars in fiscal 1961. While this is a very 
substantial sum, we are yet able to investigate only about 50 per cent of 
the technical opportunities presented to us. The applied research program 
covers 28 technical areas: 


nuclear application weapon fire control 
nuclear warfare vehicle defense 
support equipment techniques computer and data-processing 
deployable aerodynamic techniques 
decelerators advanced weapons 
materials mechanics of flight 
navigation and guidance propulsion 
flight control flight vehicle power 


*Brigadier General Benjamin G. Holzman, in his article ‘‘Basic Research for National Surviv- 
al” in the Spring 1960 issue of the Air University Quarterly Review, describes our present basic 
teearch program. The principal areas of investigation are propulsion, materials, electronics, geo- 
Physics, biosciences, and aeromechanics. 
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electromagnetic wave techniques 


surveillance techniques 
aerospace environment 


communications 


electromagnetic warfare biologistics 
electronics techniques biomechanics 
reconnaissance radiobiology 


human performance 


electromagnetic vulnerability 
systems syntheses and analyses 


reduction 
intelligence techniques 
Some of these areas will be discussed, not including propulsion because it 
is covered elsewhere in this book. The importance of propulsion to the future 
is indicated by the fact that it is allotted a separate chapter. 

One research area of particular importance is navigation, guidance, and 
control for future aerospace vehicles, and a portion of our applied research 
effort is directed toward it. We are not yet truly navigating vehicles in space; 
that is, they are steered only during the powered portion of flight. The 
controlled maneuver of space vehicles requires the development of new and 
unique sensors and control devices. We must have a means of determining 
position in space in order to navigate accurately. We certainly will need 
a device to establish a drift-free attitude reference and an instrument to 
measure absolute velocity in space flight. Our more immediate needs include 
an altimeter that will accurately indicate altitudes of from 100,000 feet up 
to several hundred miles. We require a means of sensing atmospheric varia- 
tions in the upper portion of the atmosphere, and we need a method of 
reading the earth’s surface position from satellite altitudes. 

It is clear that very substantial advances in guidance and control are 
necessary if practical space operations are to become a reality. We are 
pleased with advances made thus far, such as the stabilization of a vehicle 
in orbit and the recovery of a payload from orbit. But we have not yet been 
able to undertake the solution of many key problems in aerospace naviga 
tion and guidance. 

Pictorial sensing is a field in which the Air Force has been working 
for years. By “pictorial sensing” is meant radar or radarlike devices that can 
provide pictorial data concerning the earth’s surface. While great advances 
have been made in radar in recent years, we need a device that will have 
near-photographic resolution at very high altitudes. Obviously much work 
lies ahead. 

The art of recovering vehicles from orbit must be improved, and one 
of the key problems is the deceleration and landing of such objects. We hope 
through applied research to achieve more effective and predictable decelera- 
tion and recovery of disorbiting objects. Research efforts being made in this 
area are promising. 

The broad field of electronics embraces many of our applied research 
activities. A significant part of our effort in electronics research is to im- 
prove the reliability of electronic components. We are also continuing (0 
look for techniques for miniaturization and for the automatic assembly of 
parts and circuits. We are conscious of the great progress made in_ this 
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field in recent years, but we are convinced that many important advances 
can come in the next few years. Our resources do not permit the exploration 
of many possibilities in electronics. To cite one example, we need self- 
checking and self-stabilizing circuits to increase the operating life of elec- 
tronic equipment in remote locations. 

It has been said that the proper study of man is man himself, and we 
are doing so in some specialized ways in our applied research program, nota- 
bly in our human factors research. Man is already experiencing a rather 
severe Environment in the altitudes we are now reaching. When we project 
him into space he will be confronted with extremes of environment which 
strain our technological capabilities. While we have made progress in develop- 
ing suits and capsules to protect him, many problems have not yet been 
solved adequately, such as the radiation problem that appears to exist at 
certain altitude levels. The problem of sustaining man in a closed environ- 
ment for an extended period is also rather well known. Other problems 
concern, for example, the performance of man under the stress of a space 
environment. 

Extensive efforts are being made to gain new knowledge of the factors 
affecting man in space, but we remain conscious of our relative ignorance. 
One of the tools we need is a simulator for research and training in manned 
space flight, but a device which substantially duplicates the required con- 
ditions is beyond the state of the art. 

Between one fourth and one fifth of our total research, development, 
test, and evaluation budget is devoted to basic and applied research. We 
are acutely conscious of the value of these efforts and would devote an 
even higher proportion of our budget to them if it were not for the critical 
demands in developing our advanced and operational systems. 


the probable course of technology 


As has been pointed out, the policy step is the key step in the entire 
process of the breakthrough. Yet decision makers cannot go beyond the 
possibilities afforded them in the other three creative steps. They can give 
direction to the entire process and allocate resources. In the broadest sense 
the course over the next decade is already determined by past efforts. 
Even though we were to make a concentrated effort to understand and 
‘ontrol the entire process for the technological breakthrough, the effects of 
uch a program would not be felt until after that time. Therefore we can 
anticipate that major advances must come within the framework of our 
present technology and the programs to exploit it. Nevertheless, as stated in 
‘recent Presidential report,* we must promote and encourage technological 
thange. We must advance knowledge and innovation on every front. 

The time required for the intellectual breakthrough and the invention 
will in the main effectively prevent the results of our basic and applied 


*The Report of the President’s Commission on National Goals, November 1960. 
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program from having a direct influence on our immediate military capa 
bilities. Basic and applied research programs will lead to advances in 
military capabilities only late in the decade. Proof of the utility of investi. 
gations in the applied research program can lead to new systems in 1968- 
1970. At the earliest, products of our basic research program will be felt only 
beyond 1970. Some of the systems can be useful within the decade, that is, 
those which lie in the area of advanced development between the applied 
research program and the weapon system development program. 

We feel intuitively that we stand on the threshold of an advance into 
a new era of military capabilities. We anticipate that space-based systems 
will revolutionize military affairs as radically as air power and missile power 
have altered them in the past. We are conducting an extensive and con. 
tinuous examination of our technological capabilities to determine the sys. 
tems which we must develop so as to accelerate our capabilities in space. We 
have great resources in skilled personnel, facilities, and acquired data. 
Nevertheless at the present time there is no one indicator—be it an intellec 
tual breakthrough, an invention, or an engineering breakthrough—which will 
permit us to pinpoint the time when this advance can take place. There is 
great hope that a decision breakthrough will be made to establish the na 
tional goal of accelerating our space capability. Such a decision would en- 
tail financial risks and increased spending, for as we have seen we cannot 
afford to disrupt our in-being capability at any given point in time. 

From the viewpoint of technological strategy, we are in a situation rough- 
ly parallel to that which we faced a decade ago. At that time we were 
evaluating the technical path to pursue in developing our missile forces 
We foresaw that the missile was clearly in the offing. Nevertheless it took 
us two years after the forecast advance in nuclear weaponry to make 3 
policy breakthrough which led to development of missiles. It took us anothet 
five years for an initial operational capability. It will take us another three 
to five years to complete the transition to a balanced missile and aircraft 
force. Thus while we are currently evaluating our technological capability 
to go into space we cannot anticipate a major advance into a new era within 
the decade. 

We are trying to provide comprehensive choices for sound decisions 
which will give us military space capabilities. We are laying the foundations 
for a space-oriented technology. We are searching for multiple approaches 
to propulsion. Thus the key decisions are still in the future, and it is apparent 
that the most difficult choice will be in the funding of such an effort. The 
funding necessary to exploit technical capabilities must be additive to tht 
present programs designed to give us a balanced missile and manned. 
craft force. The technological breakthrough awaits these key decisions. 


IN AssESsING the relative technical strengths we believe it is apparent tha 
we have a decided edge over the Soviet Union. At the level of pur 
science we have the talents and resources of the Free World. We have 4! 
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advantage in the scale of effort we can apply to evaluating advances and 
exploiting proven advances. We have another advantage in the engineering 
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plant, an aspect of technology in which we have excelled during this cen- 
tury. 

On the other hand, the spark which leads to a breakthrough results 
from a creative process, from the efforts and talents of individuals. The time 
when such individuals will appear and the results of their work cannot be 
forecast. This is an aspect of the technological breakthrough which does not 
favor either side. We can only try to influence and direct such individuals 
so that their talents will contribute to our security. Here is an area to which 
we should devote greater emphasis. The relative effort now devoted to this 
area should stimulate urgency on our part. For example, the Soviet educa- 
tional system is graduating some 75,000 to 100,000 engineers a year, while we 
are graduating on the order of 50,000 to 60,000. 

Finally it is the author’s opinion that in the past decade the Soviets have 
surpassed us in making policy breakthroughs. They have identified the aspects 
of technology which are essential to Soviet objectives, and they have devoted 
resources adequate to develop and exploit them. This is well demonstrated 
by the fact that a decade ago we had unchallenged superiority. Today the 
Soviets have challenged our dominance. 

The course of the future will be determined in large measure by the 
policy makers who can appreciate the importance of an advance in the 
intellectual, invention, or engineering levels of science and technology. The 
more we can shorten the process of the breakthrough and the more we can 
accelerate the rate at which we translate ideas into weapon capabilities, the 
sooner we will be able to regain our unquestioned superiority. In the war 
of technological- maneuver the advantage will go to the side which under- 
stands the nature of the technological breakthrough, works to achieve it, and 
capitalizes on it. A basic consideration is that we face an uncertainty. We can- 
hot anticipate the exact nature and time when the breakthrough will occur. 

Even though it may be a decade away, the breakthrough into space 
apabilities will undoubtedly be made. We must achieve it before the 
Soviets, and we can do so through understanding, planning, and acting in- 
telligently and in time. 


Headquarters United States Air Force 











The Propulsion Barrier 


BRIGADIER GENERAL RALPH L. WASSELL 


NE OF the keys to the aerospace force of the future is propulsion. The 
O aerospace force will include vehicles that operate entirely within the 
earth’s atmosphere, vehicles that pass through the atmosphere into space 
and vehicles that operate entirely in space beyond the earth’s atmosphere 
All of them will demand propulsion systems that are more efficient, more 
durable, and more reliable than any we have yet developed. In addition thes 
systems must meet, as far as practicable, the requirements of economy an¢ 
safety. 

Future Air Force requirements for vehicles that operate within the at 
mosphere will include a variety of missiles and manned aircraft. One suggested 
future need is a mobile striking force that can penetrate enemy territon 
from any direction and at a choice of altitudes, a force that can range for 
days on airborne alert without refucling and is capable of sustained low. 
altitude flight. Long-range aircraft developed for such a force could als 
be used on extended patrol as part of a far-ranging defense system against 
intercontinental ballistic missiles. Carrying detection devices and armed 
with air-launched anti-1cBm’s, they would give us an excellent chance of 
destroying enemy ballistic missiles in the early phase of their flight. The 
would also be valuable for extended antisubmarine-warfare patrols. 

Strategic missiles with the capability for high-speed, sustained, low. 
altitude flight could greatly augment our ballistic missile forces. Unlike the 
ballistic missile, which flies in a fixed trajectory, they would need to be able 
to change direction in flight, either to dodge enemy defenses or to strike al 
alternate targets. 

Aircraft and missiles with such long-range capability seem to be out o 
the question for our present propulsion systems. If we are going to product 
them, we must either greatly augment our present propulsion systems 0! 
seek new sources of power. 

As far as we can now see, there are two energy sources that may be ustd 
for propulsion within the atmosphere. ‘The first, of course, is chemical fuel 
which we are now using in our reciprocating, jet, and rocket engines. The 
other is nuclear energy, which is being used successfully for electric powé! 
production and for submarine propulsion. As a propulsion source in aero 
space it offers both promise and problems. 

In discussing the relative merits of various propulsion systems, we must 
distinguish between two terms, thrust and specific impulse. Thrust, which 
is measured in pounds, is simply the “push” developed by a rocket engine 
For vertical take-off from the earth’s surface, thrust must be high—at leas! 
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30 to 50 per cent greater than the total weight of the rocket. A rocket 
weighing 100,000 pounds, for example, must develop a thrust of between 
130,000 and 150,000 pounds in order to take off successfully. Specific im- 
pulse, on the other hand, is a measure of the efficiency of a propulsion system 
and is defined as the number of pounds of thrust produced per pound of 
propellant consumed per second, expressed in seconds. ‘The two terms apply 
to rocket engines in roughly the same way as “pickup” and “miles per 
gallon” apply to automobile engines. An eight-cylinder automobile is likely 
to have more pickup, but a six-cylinder automobile will generally give 
better mileage per gallon of gas. Similarly rocket propellants with low specific 
impulse may produce relatively high thrust, and propellants with high 
specific impulse may produce relatively low thrust. 


chemical fuels 


Chemical systems, in one form or another, are likely to remain our 
major source of aircraft and missile propulsion for at least ten years. For 
one thing, they are now available. Many chemical fuels are easily obtainable 
and are relatively cheap and safe. Furthermore they can produce large 
amounts of thrust quickly. But chemical propulsion has certain limitations. 
Fuel weight limits the range of our aircraft, thereby limiting the flexibility 
of our tactical and strategic forces. An extended airborne alert, for instance, 
cannot be conducted without complex refueling operations. And the pro- 
hibitive fuel cost of low-level operations largely precludes the planning of 
desirable “‘on deck” penetration of enemy defenses. 

Turning from manned aircraft to long-range missiles, we encounter 
other limitations. We have not yet found the “ideal” propellant. Cryogenics 
such as liquid oxygen (lox) are used extensively, but they present severe 
storage and handling problems. Lox cannot be easily stored in the missile. It 
must be produced and stored on the launching site and pumped into the 
missile just before launch. Corrosive oxidizers such as nitric acid present 
problems in pumping and metering. Cost is also a consideration. Hydro- 
arbon fuels such as RP-1* are relatively cheap but have a much lower spe- 
hc impulse than several more expensive propellants. 

Solid propellants solve the storage problem and simplify the design of 
rocket motors, but they generally have a lower specific impulse than the 
best. liquid propellants. Moreover a  solid-propellant rocket cannot be 
throttled, and the thrust cannot be shut off and_ restarted except for a 
limited number of cycles. 

We recognize these limitations, but we are not letting ourselves be 
bound by them. Already we have developed storable liquid propellants 
that yield a relatively high specific impulse and can be used in advanced 
bM’s. Because they are noncryogenic, they can be transported, pumped, and 
tored much more easily than the extremely cold liquids. At the same time 
we are developing solid propellants with about 80 per cent of the specific 
impulse obtainable from advanced liquids. 


*[A propellant consisting essentially of kerosene. ] 
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The most serious propulsion barrier for engines using chemical fuel lies 
in the physical laws of nature. We know that it is possible to make certain 
gains. Propellants in current use (chiefly RP-] and lox) yield a maximum spe. 
cific impulse of around 250 seconds (chamber pressure of 500 pounds per 
square inch absolute expanded to 14.7 psia), while a system using hydrogen 
and fluorine has the theoretical specific impulse of about 373 seconds. But we 
will not be able to go much beyond this. It is virtually certain that no possible 
conventional chemical combination will yield a specific impulse of more than 
400 seconds. 

One proposed unconventional method of passing the 400-second_ bar 
rier has been under study for several years. This method would use the 
energies released through the reassociation of unstable molecular fragments 
known as “free radicals.” If a way can be found to release these energies in 
a controlled manner, enormous amounts of energy can be obtained, yield. 
ing specific impulses of 700 seconds or better. In fact it has been calculated 
that atomic hydrogen, the best of the free radicals, has a theoretical specific 
impulse of nearly 1200 seconds. ‘There are serious problems, however, in 
generating and stabilizing free radicals, and further problems arise in con- 
trolling their reassociation so as to yield useful energy. The free-radical 
method therefore does not yet offer a practical source of propulsion but is 
rather a theoretical possibility. 

Although we are working to raise the energy level of chemical fuels, 
we have found other lines of attack on the propulsion problem to be more 
profitable. One of these is improvement in structural design. Further in- 
creases in the mass ratio (that is, the mass of the loaded vehicle divided 
by its empty mass), will increase range and velocity. But here too we ap: 
proach definite limits. ‘To attain a forward speed equal to its exhaust velocity, 
a rocket must have a mass ratio of 2.72; to attain twice the exhaust velocity, 
it must have a mass ratio of 7.4; and to attain three times exhaust velocity, 
a mass ratio of 20.1. At present the only way to pass these limits is by use of 
multistage rockets—a costly procedure but a necessary one. 

The most practicable means we have at present of increasing specific 
impulse, so long as the vehicle stays within the confines of the earth’s at 
mosphere, is the ramjet. We are currently using twin ramjet engines in the 
Bomarc air-breathing missile to attain speeds of mach 3. Theoretically ramjets 
can attain twice this speed or the equivalent of a specific impulse of 3400 
seconds. This fantastic increase in specific impulse is not a contradiction of 
the 400-second limit. It simply means that for the ramjet we leave the 
weight of the oxidizer out of our calculations, since the oxidizer is obtained 
entirely from the atmosphere and is not a part of the weight of the missile. 
The specific impulse for a ramjet engine, then, is higher than the specific 
impulse for a rocket engine because it is figured on the basis of the thrust 
obtained from one pound of fuel alone, rather than from one pound of fuel 
oxidizer combination. 

The ramjet is the simplest of jet engines, for it has no moving pats. 


| 
The air necessary to oxidize the fuel is compressed by the engine as it movés | 
3 


through the air at high velocity. The design of the engine—basically little 
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more than a tube open at both ends—is responsible for the “ramming” 
effect. After the ramjet is boosted to a high speed by rocket or other means, 
it becomes self-operating. The ramjet can fly at subsonic speeds, but it is 
most efficient above mach 3. 


nuclear propulsion 


The release of energy at levels far above those obtained by conventional 
chemical means is possible through nuclear fission. For several years the 
Air Force has carried on research in aircraft nuclear propulsion, in coopera- 
tion with the Atomic Energy Commission. A nuclear-powered aircraft would 
use the heat generated in a nuclear reactor, this heat being converted into 
thrust by turboprop, turbojet, turbofan, or ramjet engines. The turboprop 
would be best adapted to low-speed operations, the turbojet and turbofan to 
intermediate speeds, and the ramjet to high-speed, supersonic operations. 

Regardless of which engine is used, the nuclear-powered aircraft has 
two advantages. The first is range and endurance far beyond anything likely 
to be obtainable through chemical propulsion, and the second is the capa- 
bility of sustained operations at low altitudes. The potential use of nuclear- 
powered aircraft may be seen in the continuously airborne, missile launch- 
ing, and low-level penetration system, which was proposed about three years 
ago. This system calls for a high-subsonic-speed aircraft with long flight en- 
durance, large payload capacity, and the ability to launch standoff missiles 
and to penetrate the enemy heartland at low altitude. The limiting factor 
for such aircraft would no longer be fuel considerations but the endurance 
of the crew. 

A nuclear-powered turboprop aircraft with boundary-layer control* 
would be well suited to antisubmarine missions of several days’ time. 
Nuclear aircraft could also be used to fly logistic missions. With a payload of 
100,000 pounds a nuclear turboprop is a better transport than a chemical 
turboprop at ranges over 2300 miles; with a payload of 200,000 pounds it 
begins to show its superiority at ranges of 1750 miles. Such a nuclear trans- 
port is still far in the future, however, and will not become economically 
competitive until reactors can be produced with a life expectancy of more 
than 3000 hours and at a cost of less than $2 million per aircraft. At this 
point, nuclear propulsion promises neither greater speed nor greater altitude; 
these still must be attained through improved means of chemical propulsion. 
Rather nuclear propulsion offers us the one advantage that chemical 
propulsion has not yet given us—vastly increased endurance or range, partic- 
ularly at low altitudes. 

It is also true that there are many probtems still to be solved in nuclear 
aircraft propulsion. The first of these is the problem of the most efficient 
heat exchange between the reactor and the working gas (normally the sur- 
tounding air) that supplies the actual thrust. Iwo methods have been pro- 
posed. In the direct-cycle system the working gas is heated directly by passing 


*[The design or control of airfoils to reduce or remove undesirable aerodynamic effects caused 
by the boundary layer, a thin layer of air next to the airfoil with distinctive flow characteristics 


/ *tup by friction.] 
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through the reactor. In the indirect-cycle system the working gas is heated 
by a liquid metal which flows through the reactor core and then is pumped 
to radiators in the propulsion units. The efficiency of both methods de. 
pends on the development of materials that can withstand prolonged ex. 
posure to radiation and to extremely high operating temperatures. 

The second major problem is that involved in attenuating the radiation 
produced by the fission reaction device inherent in presently conceived 
nuclear propulsion systems. Such radiation, unattenuated, constitutes a hazard 





Jet Propulsion 


Jet propulsion engines may be classified as duct propulsion or rocket types. The 
duct propulsion engine, essentially pipe-shaped, takes in air at one end, accelerates 
it to greater momentum by heating it, and exhausts it at high velocity through a 
nozzle at the other end to produce useful thrust. Principal types are the turbojet, the 
turboprop, the ramjet, and the rocket engines. 

The turbojet engine makes use of a rotary compressor driven by a turbine 
wheel for mechanical compression of the intake air in the combustion chamber, 
into which fuel is also continuously sprayed. Before exhausting through the nozzle, 
the hot gases from the combustion of fuel and air strike the turbine wheel, impart. 
ing rotary motion that is transferred by a shaft to turn the compressor. In the nu- 
clear turbojet engine the combustion of chemical fuel is replaced by heat transfer 
from a reactor, as by a radiator, to raise the temperature of the compressed intake 
air. The turbofan engine 1s a form of the turbojet deriving additional efficiency 
and higher take-off thrust from a fan, often formed by extensions of the first few 
compressor blades, that operates within a duct behind the air inlet. 

The turboprop engine differs from the turbojet in that the heated air is ex- 
panded to greater degree in the turbine to produce more shaft power, which is used 
to turn a propeller through a reduction gear. The turboprop derives most of tts 
thrust from the propeller and only a small amount from the jet exhaust. Under cer- 
tain conditions it offers advantages of fuel economy and thus of endurance and 
range. j 

Simplest of the duct engines, in principle, is the ramjet, which has no rotating 
parts. Necessary compression of intake air in the combustion chamber is obtained 
by the forward motion of the engine through the atmosphere. Conceptually the 
ramjet consists of three major components: a diffuser that decelerates and com- 
presses the inlet airstream, a heat-addition region, and an exit nozzle to expand the 
heated airstream back to ambient pressure. In the nuclear types the gases for jel 
exhaust are accelerated by heat transfer from a reactor rather than by heat of com- 
bustion. 

Simpler yet in principle is the rocket engine. Fuel and the oxidizer, which 
furnishes oxygen for combustion of the fuel, are contained directly in the com- 
bustion chamber, if solid propellant is used. Liquid propellants are pumped into 


the combustion chamber from fuel tanks. The operation of the rocket engine  § 


therefore independent of the atmosphere. 
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Schematic diagram of a conventional turbojet engine. 
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Nuclear-powered turboprop engine with radiator heat transfer from 
external reactor by circulation of a coolant, such as liquid metal. 
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to operating aircrews and ground-support people. Further it produces a 
severely limiting environment to the effective functioning of highly sensitive 
airborne equipment. While we cannot yet build a flyable nuclear propulsion 
system that will carry enough radiation shielding to solve completely all of 
the above problems, we think it is presently possible to build a subsonic 
nuclear aircraft that can contain safe shielding for the operating aircrew 
throughout a flight of limited duration.* 

One solution to the radiation problem would be the successful con. 
trolled use of thermonuclear energy, obtained from the fusion rather than 
the fission process. This process would give even more energy at less cost than 
the fission process now used and would produce less radiation. But in spite 
of vigorous research being pursued by several groups, the goal of controlled 
nuclear fusion has not yet been attained even in the laboratory. 
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Nuclear rocket engine. Schematic diagram of the solid-fuel heat-exchanger propul- 
sion reactor. Propellant is pumped through a number of parallel channels in the re- 
actor core and removes heat generated in the nuclear fuel plates. It then expands 
through a convergent-divergent nozzle to exert thrust by virtue of its momentum. Not 
shown here are the control rods, methods of support, methods of cooling the pres 
sure shell, or the nozzle—all of which are essential to an actual propulsion reactor. 


Nuclear energy can also be used for rocket or ramjet propulsion of 
missiles. At the request of the Air Force, the aEc has sponsored research into 
the first of these possibilities, in a project known as Rover, and into the 
second in the Pluto project. Missiles powered by nuclear ramjet would 
have long flight duration and would be controllable in flight. They would be 
a valuable addition to our ballistic missile force. 
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*[Nuclear propulsion of aerospace vehicles is extensively discussed in a special issue of Air 
University Quarterly Review (XI, 3 and 4, Fall-Winter 1959) on ‘Air Force Nuclear Propul- 
sion.” This issue is reprinted as Nuclear Flight: The United States Air Force Programs for 
Atomic Jets, Missiles, and Rockets, edited by Lt. Colonel Kenneth F. Gantz, New York: Duell, 
Sloan and Pearce, 1960, 207 pp.] 


Act 02 
+h, 
+02 
huclear) 


lor cost 





ces a 
Nsitive 
yulsion 

all of 
ibsonic 
—1ircrew 


11 con- 
r than 
st than 
nN spite 
trolled 


propul: 
1 the te- 
expands 
um. Not 


he pres: 


reactor. 


Jsion of 
rch into 
into the 
t would 
vould be 





sue of Air 
ar big 
grams 

ork: Duell, 





inlet diffuser 


sey rin a a se 
airstream I 


reactor : nozzle 








| subsonic 
iam. ¥ 7 compression - 
stream ore 

region supersonic compression region 


supersonic expansion region 


Simplified schematic of a nuclear ramjet engine, open-cycle type 
in which the inlet air is passed directly through a nuclear reactor. 


recoverable boosters for missions in space 


As we consider the Air Force propulsion needs in connection with vehi- 
cles that pass through the atmosphere into space, we find that one of the most 
expensive items is the booster vehicle, which at present is nonrecoverable. 
One way of reducing booster costs is to use higher-energy fuels. The relatively 
low specific impulse of present rocket propellants (RP-1 and lox) means that 
we pay around $600,000 to place a thousand pounds in a 300-mile orbit, or 
about $600 per pound. As shown in the accompanying table, higher-energy 
propellant combinations, such as hydrogen and fluorine or hydrogen and 
oxygen, could boost much greater weights into orbit and cut the cost per 
pound by 90 per cent or more. A nuclear rocket using hydrogen as a working 
gas could cut costs still further, to about $37 per payload pound. 

A similar reduction in cost can be achieved through the use of re- 
coverable boosters, for the major portion of booster expense is wrapped up in 
hardware and research and development costs. If a booster can be recovered 
and re-used for thirty flights, the cost per pound of payload in orbit can 
be reduced from about $600 to about $35. 


Economics of Nonrecoverable Booster 


Hordware Propellant Total 
cost per cost per cost 
Specific Total Propellant « Payload Ib of Ib of per Ib 
impulse propellant cost Hardware in orbit payloadin payload in of payload 
(sec) cost per Ib cost (Ib) orbit orbit in orbit 


=“1+% 250 $10,500 $.06 $600,000 1,000 $600.00 $10.50 $611.00 


+f; 375 650,000 4,28 990,000 23,300 42.50 27.80 70.00 
+0 365 38,400 25 990,000 22,000 45.00 1,75 47.00 
huclear) 850 95,000* 1.00 2,500,000* 70,000 35.60 1,50 37.00 





Or cost is factored in with hardware costs. 
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At present we are studying both simple recoverable rocket booster sys- 
tems and more complex air-breathing recoverable boosters in the form of a 
launching platform or even airplane that can take off and land horizontally. 
There are several advantages in using launching airplanes. By using the oxy- 
gen of the atmosphere in the boost and landing phases, airplanes eliminate the 
need for carrying large amounts of oxidizers—a saving in both weight and 
expense. They can use existing runway facilities, eliminating the need for 
complex launching sites. And finally, they can be flown to a landing with a 
minimum possibility of damage. 

The recoverable boosters now under study are powered primarily by 
hybrid ramjets that can accelerate to speeds of mach 12 or higher. They 
would carry landing-phase engines, probably lightweight turbojets capable 
of speeds up to mach 4. The propulsion systems projected for these boosters 
represent a significant improvement in specific impulse over present rocket 
boosters. We estimate that they will be able to accelerate from zero speed to 
mach 3 using only 10 to 25 per cent of the total fuel available, as compared 
with present rocket vehicles that may use 47 per cent of their propellant to 
reach the same speed. The new launch systems, like our present systems, 
would use conventional hydrocarbons. 

The recoverable booster, chemically powered for the next few years and 
possibly nuclear-powered in the more distant future, will represent a real 
step towards economy in aerospace propulsion. There is also another bene- 
fit: the development of recoverable boosters means an even greater emphasis 
on booster reliability. This is of utmost importance as we move toward 
putting a man into space in the NASA Project Mercury and the Air Force 


Dyna-Soar program. 


power for satellites 


We encounter a somewhat specialized propulsion problem when we 
turn to the propulsion and auxiliary power requirements of satellites. ‘There 
is a very real distinction between propulsion systems and auxiliary power 
systems, of course, although there is a definite relationship in their develop: 
ment, particularly in connection with our propulsion needs in the future. 

If large orbital changes over short periods of time are not demanded, 
then the incremental propulsion needs of satellites in orbit are small relative 
to the initial booster requirements. Such propulsion systems, however, must 
meet three stringent requirements: they must be extremely efficient, for 
weight is at a premium; they must be reliable beyond anything yet pro 
duced; and they must be capable of supplying power, possibly intermittently, 
over a long period of time. These requirements are equally applicable to 
auxiliary power systems for satellites. 

One of our primary goals is the development of new lightweight powe! 


systems that can operate in space and not be dependent on continuously | 


operating propulsion systems. Our emphasis is not on the refinement of 
existing aeronautical systems but on the independent production of poweél 
and on the transmission of that power. 
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* Sys- Chemical systems are still best for short-term power requirements of 
of a two or three days, in some cases up to two weeks, and there are prospects 
tally. for even longer duration. Theoretically fuel cells—devices that convert chem- 
Oxy- 
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and electrical load 
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pable electrolyte Z 
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| electrode electrode 
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nt to exhaust fuel oxidant 
| duct ~ 
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s and 
. real Fuel cell. A device fed by gases or other chemical fuels that converts chemical 
— energy directly into electricity through the process of electrolysis. Most of the 
tei fuel cells presently under development follow the hydrogen-oxygen cycle. Fuel and 
al oxidizer are introduced at the electrodes and combine chemically with the aid of 
. a catalyst, generating an electric current in the external circuit and forming 
Force { : , 


exhaust products such as water for the hydrogen-oxygen case. Fuel and oxidizer 
are supplied continuously to meet the external electrical load placed upon the cell. 
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n we 

There ical energy directly into electrical energy—can prove to be the lightest and 
power most efficient of all chemical systems, for a wide range of output and duration. 
velop: Most space systems require power for durations achievable only through 
re. the use of solar or nuclear-reactor sources. In such systems—at least 
inded, ¢ for the next few years—power below 500-1000 watts will be produced by 
lative static conversion. As it is now visualized, higher power will be produced 
_ must by the dynamic systems—i.e., systems utilizing moving masses, such as turbines, 
t, for | in the conversion process. 

t pro Solar dynamic systems seem to have a weight advantage over all other 
tently, | long-duration systems in the range from about 0.5—1.0 kilowatts to about 
ble t0 § 25 kilowatts. The lower end of this range will move upward in three to five 


power 


static devices. The range from 0.5 to 25 kw is important because it encom- 
uous!) 


years if we make anticipated improvements in the conversion efficiencies of 
passes most of the anticipated nonpropulsive power requirements of long- 
ent of | duration satellites of the next decade. But we need to know more about 


pow | component design and performance factors. Applied research is needed on 
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Solar dynamic heat engine. A mechanical engine operated by sun heat. Solar radi- 
ation is concentrated by a reflector into a boiler, where it ts tranferred to a 
working fluid which drives a rotating turbogenerator. Diagram shows working 
of the Air Force 15-kilowatt solar mechanical engine now under development for 
power applications in space. A potential payload: package is at left of the mirror. 


collectors, boilers, and other zerogravity heat exchangers, radiators, higher- 
efficiency turbines, generators, thermal energy storage, voltage and speed 
controls, and orientation. Even so, we can begin now to make use of partially 
developed hardware. 

Future power requirements above 100 kw can now best be met by nuclear- 
reactor turboelectric systems. Sizes of most interest in the immediate future 


Nuclear dynamic heat engine. Heat from a nuclear reactor is transferred to a suit- 
able working fluid to drive a rotating turbine coupled to an electric generator or 
alternator. Exhaust working fluid is recycled through a radiator (condenser). 
Diagram shows the working scheme of the Air Force nuclear-reactor power-con- 
version system now under development. It is designed to produce 300 to 1000 kilo- 
watts of electrical power for spacecraft, as for use in energizing ion-drive propulsion. 
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range from 30 to 300 kw. Studies and development of high-voltage electrical 
generating equipment are needed, particularly of electrostatic generator 
concepts and designs. 

Currently achievable conversion efficiencies of 10 per cent and estimated 





4 system weights of 10 watts per pound make practicable now—although at high 
diator cost—the use of photovoltaic systems with up to about 500 watts of power 
ir 
solar 
radiation 
| “p-type” silicon layer + 
0.5 mm 1 ; 
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radt- 
to a ; ; E 
king Photovoltaic converter. The photovoltaic converter, or solar cell, absorbs solar 
t for radiation and converts it directly into electricity through bombardment of a semi- 
aii conductor material, such as silicon, by solar photons. A continuous shift of elec- 
trons is caused within the cell and through the electrical load. This electron flow is 
made possible by an N-type silicon wafer which has an excess electron, the result 
igher- of doping it with material having five electrons in its valence orbit, and a 
speed P-type silicon layer which lacks an electron, the result of diffusing it with a 
tially material having three electrons. The N-type wafer is usually made up of 
“stacked” layers, each of which is sensitive to a different wave length, in order to 
clear- intercept the maximum amount of light and attain maximum conversion efficiency. 
uture 
1 suit: fas 
tor or ) Output. But we need to improve cell conversion efficiency and to reduce 
enser). | System cost and cell weight. For the low power ranges, photovoltaic systems 


oy-con- | are preferred over all other long-duration solar energy conversion systems, at 
) kilo- least until either thermoelectric or thermionic conversion efficiencies be- 
ulsion. | Come competitive. 

Thermoelectric systems are attractive from the standpoint of simplicity 
in low-power applications, but their ultimate utility depends upon obtaining 
higher conversion efficiencies at the elevated temperatures at which space 
mo! power equipment must operate. Thermionic systems promise potentially high 

\ conversion efficiencies of above 25 per cent, with either a solar or nuclear 
nuclear | “UeT8y source. We can justify development of the system if we can achieve 
reactor | 10.8 per cent efficiency with close-spaced diodes. 
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propulsion for space vehicles 


Much of our present work in development of auxiliary power systems 
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Thermocouple. An electrical potential develops at the interface between dissimilar 
metals that are subjected to temperature differences. This long-known thermo- 
electric phenomenon is the basis for present-day instrumentation thermocouples. 


Thermionic converter. Application of heat, as from a nuclear reactor or solar 
radiation, to a specially coated cathode causes electrons to escape to the cold 
anode by virtue of their kinetic and potential energy. Useful work is done by 
the flow of the electrons through an external resistance load back to the cathode. 
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for satellites is in laying the foundation for propulsion systems that can be 
used in future space vehicles. We may still be able to make some use of 
chemical propulsion, although it does present formidable staging require- 
ments. But the requirements for the utmost in efficiency, durability, and reli- 
ability all suggest that we look elsewhere for power and propulsion sources. 

In space we will no longer have some of the problems that face us in 
atmospheric flight. We will not need large amounts of thrust, as we will 
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no longer have to overcome the effects of gravity and atmospheric drag. 
Our vehicles can take a variety of configurations, as we do not have to be 
concerned about wind resistance. For these reasons nuclear propulsion prom- 
ises even greater benefits in space than it does in the atmosphere. The power 
plant and cabin of a space vehicle can be widely separated, thus eliminating 
much of the weight and bulk of shielding, and radiation products can be 
r dissipated harmlessly in space. 

Electric propulsion systems offer even higher specific impulses than 
nuclear propulsion, although their low thrust-to-weight ratio makes them 
suitable only for use in space. Electric propulsion requires an_ electrical 
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Thermal arc jet. Thermal energy, added to the propellant fluid in an electric arc, 
is converted to directed kinetic energy in the nozzle, thereby producing thrust. 


power source, a supply of propellant, and an engine in which the electrical 


1 be power is used to add energy to the propellant so as to produce a high-velocity 
e of | exhaust jet. Three general types of electric propulsion engine are now in 
uire- research and development. They are the thermal arc jet, the ion engine, and 
reli- the magnetohydrodynamic (MHD) plasma engine. 

rces. In the thermal arc jet, the propellant is heated by an electric arc, which 
s in produces higher temperatures than can be produced by chemical combustion. 
will It can use hydrogen alone as the propellant, thereby achieving the least 


possible molecular weight in the exhaust jet. The higher temperature and 
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Contact ion engine. Cesium vapor is ionized by passing it through porous tungsten 
which is heated to about 1100°F by the heater. An electrode, designated acceler. 
ator electrode, which is at about 10,000 volts negative with respect to the tungsten, 
extracts positive cesium ions, leaving the electrons of the originally neutral cesium 
propellant at the tungsten. The ions form a jet which flows through holes in 
the accelerator electrode and a decelerator electrode. The cesium ions, tf acceler. 
ated by the potential of the accelerator electrode alone, would achieve a higher 
velocity than can be used effectively and would consume excesstve power. 
Power in the jet is proportional to mass rate of flow in the jet and the square of 
the jet velocity. Therefore a decelerator electrode, at a lesser negative voltage 
than the accelerator electrode, provides the voltage difference with respect to 
the tungsten emitter in order to reduce the jet velocity of the beam of tons to an 
effective velocity level. Electrons to neutralize the ion beam are fed from the 
emitter through an electrical power source (not shown) to the decelerator elec- 
trode, from which they are injected into the beam, so as to neutralize the beam. 
Thrust is produced as the reaction to the forces which accelerated the cesium pro- 
pellant and changed its momentum. The thrust is proportional to the product of 
the mass rate of flow of the propellant and the velocity of the ion beam. Specific 
impulse (I,,), an index of performance commonly used in rocket technology, 1s 
the ratio of the thrust to the mass rate of flow and is proportional to jet velocity. 


lower molecular weight account for the higher specific impulses than can be 
achieved with chemical rocket engines. The expected specific impulse for 
thermal arc jets is in the range of 1000 to 1500 seconds. 

In the ion engine the propellant is ionized. A jet of positive ions is 
extracted from the ionized propellant and is accelerated by an electrostatic 
field. The positive ions are then neutralized by adding electrons to the jet. 
Specific impulse of the order of 5000 to 10,000 seconds appears to be the useful 
performance range of ion engines. 
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In the magnetohydrodynamic plasma engine the propellant is heated 
to a sufficient temperature to cause it to ionize and become an electric con- 
ductor. An electric current is then caused to flow in the plasma, and a 
magnetic field is used to drive the current-carrying plasma by use of the 


cathode magnetic 
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Magnetohydrodynamic plasma rocket. Gas entering the device is heated sufficiently 
Lgsten to produce ionization, making the gas an electrical conductor. Electric current 
celer- flows into the gas while simultaneously a magnetic field is applied. The inter- 
zsten, action of the current and magnetic field accelerates the gas to provide thrust. 
estum 
es in 
celer- ; : 
igher same phenomenon which causes the field of an electric motor to drive the 
oii. conductors on the rotor of the motor. Specific impulse in the range of 
re of 2000 to 5000 seconds is particularly of interest in propulsion research. 
oltage The entire range of specific impulse is of interest—from that achievable 
ct to using the arc jet through the intermediate range of the MuD plasma engine 
to an | to the higher values achievable using the ion engine. The optimum range 
a the | will depend on the mission. Assuming that the power available is fixed, time 
elec- required for a mission and payload tend to increase with increased specific 
beam. | impulse. Assuming the time available for a mission is fixed, the power re- 
} pro quired and hence the weight of the electrical power source tend to in- 
act of crease with increased specific impulse. ‘The very great effect of the weight 
pecific of the electric power source on choice and utility of electric propulsion sys- 


do tems provides incentive for research on electric power sources from about 
300 kw to several megawatts. 

Completely unforeseen propulsion systems may lie ahead. In fact a 
number have been proposed that I have not mentioned. At this stage all 
an be we can do is to work on the most promising. We do not know enough yet 
e for | ‘0 discount completely any reasonable proposal, although we may be unable 


to do any work on it ourselves. 


ons is 
static ; 

i Tue propulsion picture is summarized in the accompanying table. As we 
e jet. ; ; : 

Me have seen, some propulsion systems are suitable for use only in the 
us 


atmosphere, some in both the atmosphere and space, and some in space alone. 








Name 


Air-breathing engines: 





Turboprop, turbojet, 
turbofan* 


Ramjet* 


Rockets: 


Liquid chemicals 


Solid chemicals 


Nuclear fission 


Nuclear fusion 
Arc 
lon 


MHD plasma 


Future Propulsion Systems 


Area 
of use 


Atmosphere 


Atmosphere 


Atmosphere/ 
space 


Atmosphere/ 
space 
Atmosphere/ 


space 


Atmosphere/ 
space 
Space 


Space 


Space 


Estimated range of 


specific impulse 
(seconds) 


1500-6000 


250-400 


175-250 


300-1200 


1500-3,000,000 


1000-1500 


5000--20,000 


1500-3,000,000 


Advantages 


Disadvantages 


Self-accelerating; suited High fuel consumption; 


for lower speeds. 


probably limited to 
about mach 3.5. 


Oxidizer obtained from Not self-accelerating. 


atmosphere; low 
temperatures; low 
pressures. 


Large impulse; long 


burning time; flexibility. 


Simple; high volumetric 
loading. 


High impulse. 


Simplicity; flexibility 
in working fluid. 
High efficiency at high 
specific impulse. 
Neutralization of beam 
not necessary. 


*Long-range, extended operation depends on use of nuclear power. 


Expensive; complex. 


Short burning time; 
logistic problem in 
larger sizes. 

Radiation; excessive 
heat; expensive; 
very heavy engine 
weight. 


Limitations of any heat 
engine. 

Beam neutralization 
necessary. 


Electrode losses. 


Our aim in propulsion is to increase the specific impulse, consistent with 
other considerations. Within the atmosphere we expect to achieve increases 
in speed and altitude through refinements in the use of chemical fuels and 
particularly through use of the ramjet. We hope to increase range and 
endurance through the development of aircraft and missiles powered by 
nuclear fission. Successful development of controlled nuclear fusion would, 
of course, solve many of our propulsion problems, both in the atmosphere 


and in space. 

We are aiming for economy in our space launches through development 
of recoverable boosters, propelled either by chemical or nuclear energy. And 
in space, both for immediate use as auxiliary power sources and for future 
use as propulsion devices, we are developing a variety of systems that we 
hope will give us the endurance, efficiency, and reliability we need. 
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As we develop new systems we recognize that propulsion is not an 
isolated problem. Questions of structural design are intimately involved with 
it. This is particularly true in the development of the nuclear-powered air- 
craft. Another problem is the development of materials and of hydraulic, 
pneumatic, and electrical systems that can withstand the high temperatures 
necessary in the more efficient propulsion systems. And much work needs to 
be done in a number of fields of physics and chemistry before we can 
make practical application of theoretical predictions. 

These are some of the barriers to the final development of the pro- 
pulsion systems we need. The real propulsion barrier, however, is not in 
nature but in ourselyes—in our inadequate knowledge. With persistence, 
imagination, and hard work there is no reason why we should not break 
through this barrier. 
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